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1. ScorE

1.1 Scope. This specification covers the general requirements for established relisbiltity, aice
dislectric, fixed canacitors (see 4 1), Canacitors cowvared hy this anacification have a failure rate level
ranging from 1.0 percent per 1,000 hours to 0.001 percent per 1,000 hours (see 1.2.1.7). The failure rate
Llevel is established at a 90 percent confidence level. The failure rate level, identified by the applicable

symbol spacified in tahle V, is referred to operational Life at full reted veltage (see 1.2.1.6) at 125°C or

150°C, as applicable. An uccelcrltion factor of 25:1 has been used to relate Life test data obtained at 150
percent of rated voltage at rated temperature to rated voltage at rated tesperature.

The term Part or ldentifying Number (PIN) is equivalent to the term (part number, identification number,
type duignator etc.) which wvas previously used in this specification. A part per million (PPM) quality

svetem ia used for docimentina and ranartine the averans outanine mual 'lfv of omr*lfnrn nlml\M to this
systen USSNIIng anc reporiang rage tgoIng =t

specification. Statistical process control (S8PC) techniques are nqun-ed in tho -nufncturmg process to
minimize variation in production of capacitors supplied to the requirements of this specification.

1.2 Classification.

1. 2.1 Part nr ldeantifuine Mumbhar (PIN) Tha PIN echall ha in tha fnllouina farm and ae enecifisd (eee
1.2, Part or Identifying Mumber (PIN), The PIN shall be follouing form, and as specified (eee
3.D.
cMROL € iRc e [ 0 M
| I ] ] ] | |
| [ | | ! I I
{ { i 1 ] I
A A " A 1 X PN
Style Characteristic Capacitance Capacitance Operating Rated fFailure
(See 1.2.1.1) (See 1.2.1.2) (See 1.2.1.3) tolerance te-perature range voltage rate Levet
ry Yoy | A I1Ba A (4% IR 4 4 LN 18 - Y
A\9€T i.£.1.%) \9vT lc‘. l-Jl \J€T l-‘ « Q7 \JCT l & l 7’
1.2.1.1 Style. The style is identified by the three-letter symbol “CHR" followed by a two-digit number;
the Lletiers dentify mica dieleciric, Tixed capacitors, estaulished retiaoiility, & the numser JgentiTies

the shape and dimensions of the capacitor.

a 2 A A A et - s e fialo Eo SA_ e a2 . R S WP, e S b 2 fmmman mAh_ e aso.o
1l.€.1.&€ \.r\ar'cter‘st1c ine CNRaracieristic 1s 1gentivTieo oy a S‘I"g € Leliler wititil 1raicates e reLative

stability of the capacitor with temperature change, in accordance with table I.

| Beneficial comments (recommendations, additions, deletions) and any pertinent data which may be of use
i in improving this document should be addressed to: Cosmender, iU.S. Army isboratory Command (LABCOM),

| ATTN: SLCET-R-S. Fort Monmouth, NJ 07703-5302. by using the Standardization Document lmprovement
| Proposal (DO Form 1426) appearing at the end of this document or by letter.

t

b o ———
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DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.
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TABLE I. Characteristic.

1
| !
Symbol | Temperature coefficient

| | |
1 | capacitance drift |
i i | i
] i Parts/million/°C | |
| | | !
i ¢ i =200 to +200 i 2(0.5 percent +0.7 pF) |
| E | -20 to +100 | 2(0.1 percent +0.1 pF) |
| F | 0 to +70 | 2¢0.05 percent +0.1 pF) |
L i | i

1.2.1.3 capacitance. The nominal capacitance value expressed in picofarads (pF) is identified by a
three-digit number; the first two digits represent significant figures and the iast digit specifies the
numher of zeros to follow. When the nominal value is Less than 10 of, the Letter R shall be used to

indicate the decimal point and the succeeding digit(s) of the group shall represent significant figure(s).
For exampie RO indicates 1.0 pf; R75 indicates 0.75 pF; and DRS indicates 0.5 pF.

1.2.1.4 Capacitance tolerance. The capacitance tolerance in percent or pF, as applicable, is identitied
by & singie ietter in accordance with tabie II.

TABLE 11. (Capacitance tolerance.

I ! I
| Symbol | Capacitance tolerance |

i f i
! ! (£) !
! ! . !
i 0 i 0.5 prF i
| F ! 1 percent |
| G | 2 percent |
i J i 5 percent i
| | |

1.2.1.5 Operating temperature range. The operating temperature range is identified by a single letter in
accordance with table III.

TABLE 111. Operating temperature range.

| |

Symbol | Operating temperature range |

! | |
| | " i
I I |
[ o | -55 to +125 i
i P i -55 to +150 i
| | |

1.2.1.6 Rated voltage. The rated voltage is identified by a single letter in accordance with table IV.

TABLE IV. Rated voitage.

[
j_Symboi DC_rated voitage i

|
oA I 100 ' [
| ¢ i 300 i
b0 ! 500 !
] Y | 50 |
{ | |
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1.2.1.7 Ffailure rate level. The faiture rate level in percent per 1,000 hours is identified by a single

letter in accordance with table V, and is based on rated voliage at 125°C or 150°C, as applicable.

TABLE V. Failure rate level.

| ]
I {
| | Failure rate level

(percent r 1,000 hours)

v
N X vR
g
I
ga~o
A

2. APPLICABLE DOCUMENTS

2.1 Government documents.

PGPy ¥ e o memd bbb o The o handheal e

2..‘." _!ﬂ,'l 1AL G‘Albl )l.cuualua, CIRJ I3 RAWWARIRA D . e 'L ” WIS, ’tullddl—'\’o, Pm SR TR T
form a part of this document to the extent specified herein. Unless otherwise specified, the issues of
these documents are those listed in the wsue of the Department of Defense Index of Specifications and

e ani *

Standards (BODI1SS) and susolesent ther tad im o
LRI US \VUV LIS VI ;uw\c-cu\ therets, cited in U

SPECIFICATIONS
MILITARY

- Coanmaritare Fivad Miea hi.l-ﬁ"‘\r Genaral Snacification For
Capsciters, ¢ 4 GCeneral Specitication For,

XSG, HICS vt elly

11 _r_K&
MIL-C-39001/5 - Capacitors, Fixed, Mice Dvelectrwc, Established Reliability, Styles CMRO3,
CMRO4, CMROS, CMROG, CMRO7, and CMROS.

MIL-C-39001/6 - Capacitors, Fixed, Mica Dielectric, Estahliched Reliahitity Styte CMR16.
MIL-C-39028 - Capacitors, Packaging of.

STANDARDS

MILITARY

MIL-STD-202 - Test Methods for Electronic and Electrical Components Parts.
RIL-STD-690 - Failure Rate Sampling Plans and Procedures.
MIL-STD-790 - Reliahility Assurance Program for Electronic Parts Spacifications.
MIL-STD-810 - Environmental Test Methods.
MIL-STD-1276 - Leads for Electronic Component Parts.
MIt -STD-128S - Markina of Electrical and Electronic Parts.

(Uniless otherwise indicated, copies of federal and military specifications, standards, and handbooks are
auailahie from the Standardization Documents Order Desk Building 4D, 700 Robhins Avenue. Philadelphia. PA

19111-5094.)

specified herein. Unless otherwise specified, the issues of the documents which are DoD adopted are those
Ltisted in the issue of the DODISS cited in the solicitation. Unless otherwise specified, the issues of
documents not Listed in the DODISS are the iseuss of the documents cited in the solicitation (see 6.2).

2.2 Non-Government nuhlications, The folloving document(s) form a part of this document to the extent

ELECTRONIC INDUSTRIES ASSOCIATION (EIA)

EIA-554 - Assessment of Outgoing Nonconforming Levels in Parts Per Million (PPM).
EIA-557 - Statistical Process Control Systeas.

(Application for copies should be addressed to the Electronic Industries Association, 2001 Eye Street, NW,
washington, DC 20006).

U
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2.3 Order of precedence. In the event of a conflict between the text of this docusent and the referoncos
cited herein (except for related associated detail specifications, specification sheets, or NS standards),

eha tavt of this docimant takes nracadancs Mnthine in this dariment houevse umﬂ.dnu -nnltmhl- Laws
tThe ISXT OF nis Sooumen precedence, MNothing 1n this gocusment, houever, sumerseces

and regulations uniess » specific exemption has been cbtained.

)
b1
2
0
IH
3

The individual ites requirements shall be as specified herein and in accordance

3.1 Specificarion sheet.
uith the annlizahla anazifizcation shaer In rhe avent nf anv conflict betuesan the recuiraments af thiz

i spplicabls spec sheet, In The event of any contlict bet e recquiremants: of this
specification and the specification sheet, the latter shall govern (see 6.2)

I 2 ouuslification. Canacitors furniszshad indar thia snasification shall he nl-ndnrf- uhich are asmthorized

by the qualifyi ctivity for Listing on the applicable quatified products lht at the time of award of

contract (see 4.4 and 6.4). In addition, the msnufacturer shatl obtein certification from the quelifying
ranuirenante of L 1 1 have heaen met and are h.in't" mmintainad

mnvdurdoy Char tha ralimhil iy mecaiimranca
STTIVITY Limt U TTLISWItit) SSsui wmivs T oww i@ wmwries H

Authorized distributors which are spproved to MIL-STD-790 distributor reguirements by the qualified products
List (QPL) manufacturers are listed in the QPL.

3.3 Reliability and quality.

itore furnished under this snacification shall he estshliished and

1.3 M Retizhility of camacitors shall i
saintained in accordance with the procedures and requiremsents spccified in RIL-STD-790 and MIL-STD-690 with
details specified in 4.1.1, 4.4.4, and 4.5.

i
3

221 The contractor shall 1-nl=-.nf and use statistical process eontrnl

techniques in the manufacturing process for parts covered by this specification. The SPC program shall be
developed and maintained in accordance with all the requirements of EIA-557. The SPC progras shall be
documented snd maintained ss part of the overall relishility sssurance program as specified in MIL-STD-790.
The implementation of statistical process control shall be 12 months fro- the date of this specification.

Processes for application of SPC techniques should include but are not limited to:

T X D1 eeariertical nraceee
SISTISTICEL

Section assembly

Section clamping

Viaual insnection rl--n-d esrtinane
Visual spe clamned sectiones
Encapsulation

Group A SG3 - Visual/Mechanical
Hinh ualtanse atahilizarian

High voltace etabilization

Group A SG2 - Capacitance/DF
Marking

Quality securance

rance mudit
3.3.2.2 ouality levels. The quality of lots that have been subject to and passed the subgroup 1 100
ent screening inapection of the aroun A insnection shall be established and maintained in accordance

Dercer
with 4.4.4.2 and EIA-SSA lmhvumal PPH defcct level (i.e., PPN-2 and PPN-3) and an overall PPM defect
level (i.e., PPM-5) shall be established based on the tests prescribed in the subgroup 2 tests of the group

A inspections. The defect Level of PPM-2 shall he Leas than 100 PPM. The implementation of part per
million verification shall be 12 wonths from the date of this specification.

The contractor shall natify the qualifying activity vhen the 100 PPH level is

reached or cuc.eded for PPH-Z The contractor shall provsdc sufﬁctent information to the qualifying

activity documenting the causes of the problem and what corrective action is being taken. Failure to
correct thiz orohles shall he the bhasis for remaval of the affected product fhom the opL .

3.4 MNaterial. The material shall be as specified herein. However, when a definite material is not

specified, = material shall be used vhich vill enable the canacitors te meet the performance requiremants of
this specification. Acceptance or approval of any constituent material shall not be construed as a guaranty

of the acceptance of the finished product.

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T14:45Z
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3.4.7 insuiating, impregnating, and seaiing compounds. insuiating, impragnaling, and sealing compounds,
including varnishes, waxes, and the like, shall be suitable for each particular application. Compounds
shatt preserve the electrlca characteristics o! the tnsutation to which appliec. The coq;ound, either in

PRy ab el b b o mdiim -

ihe state of its or)g\naL lpplu:atim or as B resuit of cruc.unlg or ugll , Sn@LLl nave o adverse effect on
the performance of the capacitor.

V

3.4.2 Terminal ieads. ieads shail be made of a solid conductor of the length and diameter specifisd (see
3.1), and shall be coated with solder having a tin content of 40 to 75 percent and Ll meet the

solderability requirements of 3.12.

3.4.2.1 Solder dip (retinning) leads. Only the manufacturer (or his authorized category B or (
distributor) may solder dip/retin the lLeads of product supplied to this specification provided the solder
dip process has been approved by the qualifying activity (see 3.4.2.3).

3.4.2.2 allfy'lgg_actlvrty approval. Approval of the solder dip process shall be based on one of the
tiowi i

en the original lead finish qualified wvas hot solder dip Lead finish 52 of MIL-STD-1276 (Note:
T?'v! 200 microinch maximum thickness is not applicabie), the manutacturer shall use the same solder

dip process for retinning as is used in the original manufacture of the product.

b. #when the Lead originally qualified was not hot solder dip iead fTinish 52 of HIL-57D-1276 as
prescribed in a., approval for the process to be used for solder dip shall be based on the

following test procedure:

(1) Thirty samples of any capacitance value for each style and lead finish are subjected to the
manufacturing's solder dip process. Following the solder dip process, the capacitors are

aiediond &n @b hiobl caleows saabklllaocedam nings ran amd AF mamaiimaman® Me dafarte ana
SUL TLL LU I Jigh vollayT SLaviliLoLis, Vwy, IK, \-ﬂl’l aMmnd Vi mTaduUui TeTiiLD . W UTITLLY gl ©
aliowed.
Fé=2 Tor ~f abo PN cmelne oma abom arhlocsad an afn anl damabifla *mne MUn Aabfncta ana allaad
\c7’ 1T U UIT OV DdampiLled airc o SUUJTLLTU LU LI JULUTTIGUILILY LToL r UMCTITULYD @I © gliwwwow.

(3) The remaining 20 samples are ub)ect to the rcsutmco to solder heat test. No defects are
- - = - s Y
< T

s abl oo
L alluweu. s

o~ |

a. As a corrective action if the Lot fails the group A solderability test.

b. After the group A inspection has been completed, following the solder dip/retinning process, the
high voltage stabilization, DWV, IR, CAP, and DF measurements shall be performed on 100 percent of

tha Lot Thae percent dafactiva allouahtia (PDAY for tha alactrical massuramante chall he ae far the

subgroup 1 tests. Following these tests, the manufacturer shall submit the Lot to the group A
solderability test as specified in 4.7.8.

3.5 Design and construction. Capacitors shall be of the design, construction, and physical dimensions
specified (swe 3.1).

3.5.1 Body enclosure. Capacitors shall be effectively scated against the entry of moisture, and the
elements shall be mounted so as to prevent injurious movement in the capacitor body enclosures. The

canacitor aleamants chall he pn-nl-f-lv anclnead hu the hndv anclnairs
CIPS|CITOT o=t es SnSs WioseC encligsure.

3.5.2 Connections. Internal electrical connections shall be secured by pressure and not depend upon the

caee =terv'=l fn' -‘""-."‘..-..".ce n‘ contact over the yy‘-r-"ﬂg !-_P\er-fnr. rm {'nnn.r?annq hetm\ I‘h.

terminal clip and the active element shall be secured by soldering or welding. The connection between the
lead wire and the terminal clip shall be soldered or welded.

3.6 Dielectric withstanding voltage. Capacitors shall uit‘hstand the direct-current (dc) potential
specified in 4.7.2 without damage, arcing, or breakdown.

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T14:45Z
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3.7 MHigh voltage stabilization. When capacitors are tested as specified in 4.7.3, there shall be no
evidence of damage, arcing, or breakdown; and the insulation resistance shall be not iess than the
applicable value epecified on figure 1 or in table VI,

SPPLICSOLE VaUT Spet an

3.8 Barometric pressure. Capacitors shall withstand the dc potential specified in 4.7.4 without damege,

3.9 Insulation resistance (see 4.7.5).

3.9.1 At _room ambient temperature. When measured as specified in 4.7.5.1, the insulation resistance
shall be not less than the applicable value specified on figure 1 or in table VI.

3.9.2 At high ambie

tegperature vhen measured as specified in 4.7.5.2, the insulation resistance
shaii be not iess than i

le value specifiad on figure 1 or V1.

TABLE VI. Insulation resistance.

Minimm insutation resistancej
|

Capacitance rating

At 25°C

0 to 10,000 picofarads
10,000 picofarads and greater

100,000 megohas
1,000 megohm-microfarads 1/

At 125°C

0 to 3,300 picofarads
3,300 picofarads and greater

10,000 megohms
33 megohm-microfarads

S SE—

b o ——— e e ———— e et e e e

Pl T4
0 to 1,500 picofarads 5,000 megohms
1,500 picofarads and greater 7.5 megoha-microfarads
1/ Peroduct cbtained by multiplying the capacitance in microfarads
by the insulation resistance in megohms.
kS 10 Canacitanc Uhen measured as specified in 4.7.6, the capacitance shall be within the tolerance

3.11 Dissipation factor. Uhen measured as specified in 4.7.7, the dissipation factor shall not exceed

R 1SSIpatl 1Of

s
the applicable value shown on figure 2.

3.12 Solderability. When capacitors are tested as specified in 4.7.8, the dipped surface of the lead
shall be at least 95 percent covered with continuous new solder coating. The remaining S percent of the
lead surface shaill show only smsil pinhoies or voids. These shaii not be concentraied in one area. #o
individusl view of the dipped surface shall show less than 95 percent coverage. Bare base metal and areas
where the solder dip failed to cover the original coating are indications of poor solderability, and shall
be cause for failure. In case of dispute, the percent of coverage with pinholes or voids shall be
determined by actual measurement of these areas, as compared to the total area.

in & —_— ima

3.93 Vibration. iihen capacitors are tested #s specified in 4.7.5, there shall be no intermittent
contacts of 0.5 milliseconds (ms) or greater durstion, or momentary arcing, or other indication of
breakdown, nor shall there be any open- or short-circuiting or evidence of mechsnical damage.

3.14 Temperature coefficient and capacitance drift. When measured as specified in 4.7.10, the
temperature coefficient and capacitance drift shall be within the limits specified in table I for the
characteristic listed (see 3.1).

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T14:45Z
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3.15 Thermal shock and immersion. Uhen tested as specified in 4.7.11, capacitors shall meet the

a. Dielectric withstanding voltage: As specified in 3.6.

b. 1nsulation resistance: Shall be not Less than 30 percent of initial requiremsent (see 3.9).

o
2l
»
)
»

(3]

[+
©
-

e. Visual examination: No visible evidence of deterioration, permanent damage to leads or case, or

~noa I amsde
SSTTSSIoN O eSS,

3.16 Shock, specified pulse. When capacitors are tested as specified in 4.7.12, there shall be no

intermittent contacta af 0 S milliseconde (me) or gr..fnr- dur-fwnn or momentary ar _m or other indication

of breakdown, nor shall there be any open- or short-circuiting or ev1dence of nechamcal damage.

3.17 Yerminal strenath, Uhen canacitors are tested as epecified in 4.7 13, the terminals shall not

loosen or rupture and no other da-age shall result. Chipping of the resinous costing on the leads, in the R
dimension area only (see 3.1), shall not be considered as a failure.

3.18 Resistance to soldering heat. then tested as specified in 4.7.14, capacitors shall meet the
following requirements:

a. Insulation resistance: Shall not be less than the initial requirement (see 3.9).

b. Capacitance: The capacitance change shall not exceed 25 percent or %5 pf. whichever is greater,
from the initial measurement.

c. Dissipation factor: Shall not exceed initial reauirement.

3.79 Moisture resistance. When tested as specified in 4.7.15, capacitors shail meet the Toliowing
reau'lrmnts.

a. Dielectric withstanding voltage: As specified in 3.6.
b. Insulation resistance: Shall be not less than 25 percent of initial requirement (see 3.9).

c. Capacitance: The capacitance change shall not exceed 1 percent or 1 pF, whichever is greater, from
the reference aeasurement (see 4.3.2.1).

d. Dissipation factor: Shall not exceed 150 percent of the initial reguirement specified in 3.11.

Visuai examination: No visible evidence of deterioration, permanent damage to the ieads or case,
nor corrosion on the leads.

3.20 Life. Wwnen tested as specified in 4.7.716, capacitors shaii meet the Tfoiiowing requirements:
a. Dielectric voltage: As specified in 3.6.

b. Insulation resistance: Sheall not be Less than the applicable value specified on figure 1 or in
table VI.

c. Capacitance. The capacitance change shall not exceed $1 percent or 21 pf, whichever is greater, of
the initial measurement.

d. Dissipation factor: Shall not be greater than 150 percent of initial requirement (see 3.11).

. 1 tbati1an Ta

e. Visual examination: No visible evidence of deterjoration, permanent damage to leads or case,

arcinno or bhraakdoun
arcing, or breavdoun,
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3.217 Fungus. The manufacturer shall certify that all external materials are fungus resistant or shall
perfors the tes: specified in 4.7.17. When capacitors are tested as specified in 4.7.17, examination shatil
disclose no evidence of tungus growth on the external surface of the capacitor.

3.22 Resistance to solvents. When capacitors are tested as specified in 4.7.18, marking shall remain
legible and shall not smear or rub off. In addition, there shall be no visible indication of damage or
deterioration to the capacitor body.

3.23 nmarking. Marking of capacitors shall conform to method 1 of MIL-5TD-1285, and unless otherwise
specified (see 3.1), shall include the type designation, JAN brand, trademark, source code, date code
(inspection lot of 4.6.1.1.1), rated voltage, capacitance, capacitance tolerance, and highest rated
temperature. Capacitors shall be marked as specified (see 3.1).

3.23.1 YJAN" and "J" marking. The United States Government has adopted, and is exercising legitimate
control over the certification marks “JAN" and "J", respectively, to indicate that items so marked or
identified are menufactured to, and meet all the requirements of military specifications. Accordingly,
items moquired to, and meeting all of the criteria specified herein and in applicable specifications shall
bear the certification mark "JAN' except that items too small to bear the certification mark "JAN" shall
bear the Letter “J*. The “JAN" or “J“ shall be placed immediately before the part number except that if
such location would ptace a hardship on the samrfacturer in connection with such sarking, the “JAN" or "J“
may be located on the first Line above or below the part number. Items furnished under contracts or orders
which either permit or require deviation from the conditions or requirements specified herein or in
applicable specifications shall not bear "JAN" or “J". In the event an item fails to meet the requirements
of this specification and the applicable specification sheets or associated detail specifications, the
manufacturer shall remove the "JAN" or the "J" from the sample tested and also from all items represented by
the sample. The "JAN" or "J" certification mark shall not be used on products acquired to contractor
drawings or specifications. The United States Government has obtained Certificate of Registration No.
504,860 for the certification mark “JAN".

3.23.2 Non-established reliability (non-ER) marking. An established reliability (ER) part menufactured
in accordance with this specification may be marked and furnished as a non-ER part from MIL-C-5, if produced
on the sawme assembly line, and provided it is subjected to and meets ail the inspection requirements of the
ER part.

3.23.3 sSubstitutability of failure rate levels. A manufacturer may supply to all higher failure rate
Levels than to which he is qualified, see table VII. Parts qualified and marked to lower failure rate
Levels, with acquiring agency approval, are substitutable for higher failure rate tevels, and shall not be
remarked unless specified in the contract or acquisition document (see 6.2).

TABLE VII. Failure rate level substitutability.

Are substitutable for
faijlure rate level

| Parts qualified to
1 failure rate level

{
!
! |
I
I
|

l
|
[
I
I
[

l s M, P, and R
| R M and P
| P "

3.23.4 Substitutability of capacitance tolerance and rated voltage. Parts qualified and marked to

tighter capacitance tolerance or higher rated voltege, with acquiring agency approval, are substitutable for
parts marked to looser capacitance tolerance or lower rated voltage, provided all other values, such as case
size, characteristic, and (eads are the same. The substitutable parts shall not be remarked unless
specified in the contract or acquisition document (see 6.2).

3.24 Morkmanship. Capacitors shall be processed in such a manner as to be uniform in quality and shall
be free from pits, corrosion, cracks, rough edges, and other defects that will affect life, serviceability,
or appearance.

3.24.1 Soldering. Where soldering is employed, in the construction of capacitors, only fluxes with low
corrosive properties shall be used, unless it can be shown that corrosive elements have been satisfactorily
removed after soldering. ALl excess flux and solder shall be removed. Solder shall not be used primarily
for obtaining mechanical strength. Electrical connections shall be electrically continuous after soldering
and, where possible, mechanically secure before soldering.
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4. QUALITY ASSURANCE PROVISIONS

4.7 Responsibility tor inspection. Unless otherwise specified in the contract or purchase order, the
manutacturer is responsible for the performance of all inspection requirements as specified herein. Except
as otheruise specified 1n the contract or purchase order. the supplier may use 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 perfora any of the inspections set forth in the
specification where such inspections are deemed necessary to assure supplies and services conform to

prescribed requiremsents.

4.1.1 Responsibility for comoliance. All items shall meet all requirements of sections 3 and 5. The
inspection set forth in this specification shall become a part of the contractor's overall inspection system
or quaiity program. The absence of any inspection requirements in the specification shail not reiieve the
contractor of the responsibility of ensuring that all products or supplies submitted to the Government for
acceptance comply with all requirements of the contract. Sampling inspection, as part of manufacturing
operations, is an acceptsbie practice to ascertain conformance to requirements, however, this does not
authorize submission of known defective material, either indicated or actual, nor does it commit the
Government to accept defective material.

4.1.2 Relisbility assurance proaram. A reliability assurence program shall be established and msintained
in accordance with MIL-STD-790. Evidence of such comphance shall be verified by the qualifying activity of

O S S S Sy

this specification as a pr‘ercqu1s1te for quatification and continued quuunun‘

4.1.3 Statistical process control (SPC). An SPC program shall be established and maintained in

accordance with £1A-557. Evidence of such compliance shall be ver ifieo uy the Qiia 'fy ing activity as a
prerequisite for qualification and retention of qualification.

a. Qualification inspection (see 4.4).

b. Verification of qualification (see 4.5).
- . 1 3@: ma S~ ~— = P e Y £ ommmm £ LN
. Wallky LUTTITUI BalILT JIDPTLLIVI A3TT S 07,

4.3 Inspection conditions and methods.

4.3.1 Conditions. Unless otherwise specified herein, all inspections shall be performed in accordance
with the test conditions specified in the general requirements of MIL-STD-202.

4.3.2 Methods.

£.3.2.17 Reterence messurceents. When reguirements are based on comparative messursments made before snd
after conditioning, the reference measurement shall be considered the last measurement made at 25°C 25°C
prior to conditioning. Unless reference measurements have been made within 30 days prior to the beginning

nf ~amdl ehay shall ha noneatad
ot corditicning, tney shall bt repeated.

4.3.3 Power supply. The power supply used for Life testing shall have a regulation of 22 percent or less
At oha annldicanhia annl iad ¢tass uaflCama Tha aniiar sinnlyu eand $an Ar lanbarna srrant maschirasante ahall he
ot the spplicable spplied test voltsge. The pouer supply used for do lesksge current measurssents shall be

stabilized to at Least 2100 parts per million. No voltage fluctuations shall occur during measurements that
would produce a variation in the current measurement.

4.4 Qualification inspection. 1/ Qualification inspection shall be performed at a laboratory acceptable
to the Governnent (see 6.4), on sample units produced with equipment and procedures normally used in

-~
P wu\'u lvn

1/ The decision as to whether or not the product will be included on the QPL will be made after
successful completion of the 2,000-hour Life test.

1
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4.4.17 Sample size. The number of sample units comprising a sample of capacitors to be submitted for
quatification inspection shall be as specified in table VIIl, or in the appendix of this specification. The
csamnie shall he taken trom a nroduction run and shall be produced with equinment and procedures normally

used in production. Each capacitor style shall be qualified separately.

TARLE VIII Qusiification inspection.
| ] | | WNusber of | Number of |
! Inspection ! Requirement ! Methad | amamnte units | defectives |
| { paragraph | paragraph | to be | allowed 1/ |
| | | ] inspected | 1
I 1 ] 1 1 i
] [} i 1 i 1]
| Group 1 2/ | | | | I
| ! | P — 1= |
| Dimlacretrisr uitherandina unltans | X A 1 L 72 | | . | I . {
oY TEIELRI L wrlnistmiRa iy vwsisgt - 1 F.r.o 1 V102 T 10 '
| High voltege stabilization | 3.7 | 4.7.3 | | [ |
| ! (I fo—- - I
[l Bereses YV D/ \ | ! I ]
1 G vy Y £/ | H I I i
I | | | | l
| visual and mechanical | | P — [— — |
1 e mamd ot o L ¥ ] z 4 R L e~ TE D imal ] 7 a 1 ] 1 1 1 1
i CTRamIT [+ 1] Y | del, J.% L0 J.5.& et i eiod i i i i | 1
| | 3.23 to 3.24.1 incl. ! | | | | |
| Saremetric prasurs | 5 P B RV PR
| 1OSuilation resistance | 3.7 | &4.7.0 i I [ | i
| Capacitance | 3.10 | 4.7.6 | | |1 | ]
| Dissipation factor | 3.1 | 4.7.7 | i | | |
| | | = — 1
| Group II1 | | | f I
| | | I — [— |
| Soiderabitity i 3.2 i 4.7.8 i i P o
| vibration | 3.13 | 4.7.9 | | (| | ]
| Temperature coefficient and { ] [ | 18 [ I I T
{ capacitance drift i 3.4 i 4.7.10 i i i i i
| Thermal shock and immersion | 3.15 | 4.7.1 | | [ | !
| | | = — =
i Group IV | i | | |
! | ! I — l— |
| shock, specified pulse | 3.16 | &£.7.12 | | [ |
| Terminal strength i 3.7 i 4.7.93 i i 18 T i
! Resistance to soldering heat | 3.18 | 4.7.14 | | [ |
| Moisture resistance | 3.19 | 4.7.15 | | 1 |
| | | | - |- |
! Group v | ! ! ! !
| ! | | | —/ |
| Life (rated conditions) | 3.20 | 4.7.16.1.1 | 50 | | |
| Life (accelersted conditions) | 3.20 I 4.7.16.1.2 | 6 ! bl
| | | | | — |
l Group VI ! { | | [
i 1 ] [] [ — 1
i ] i [ 1= i
| Fungus 5/ | . | 4.7.17 | S I 1o |
| Resistance to solvents ] 3.2 ] 4.7.18 | - (. |
i i i i i— |
1 l { | 1 |
A sample Unit having one or more defecis shall be considered as & single defective

Nondestructive tests.

Marking defects are based on visual examination only and shall be
incompieie, or incorrect marking.

Sample units shall be selected from those which have passed group

NN -2
NN N

i
~~

12

Certification of fungus resistance may be substituted for testing.

charged only for illegible,

1 inspection.
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4.4.2 Inspeciion routine. Sampia units shall be subjecied to the gualification imspection specifisd in
table VIII, in the order shown. All sample units shaltl be subjected to the aroup 1 and Il tests. These
sample units shall then be divided as shown 1n teble VIII for groups III to V1, inclusive, and subjected to
the tests for their particular group. The units subjectad to life test at ratad conditions shall be

continued on test for 48,000 additional hours.

4.4.4.1 Fnlure rnto (FR) q ualificat

POEY PPN atl bua <
contormance FR lu)p:b\lvu, shall b

and the following details:

a. Procsdure I: Quslification st the initisl FR level. Level M (1.0 percent), of FRSP-O0 shall
apply. Upon successfu etion of the 2,000-hour qualification test (group V, table VII1),

L L
those sample units which have been subjected to rated conditions shall be contmued on test for an
sdditional pericd as specified in £.7.16.3.

b. Procedure II: Extension of qualification to lower FR Levels. To extend qualification to the P
(0.1 parcent), B (0 01 parcent) =and S (0 001 nercent) FR levele, data from tuo or more voltages

within a style and of similar construction may be combined. For FR Levels R and S, two or more
styles of similar construction (see 4.6.1.1.1) may be combined.

c. Procedure Il1: Maintenance of FR level qualification. Maintenance period B of FRSP-10 shall
apply. Regardless of the number of production lots produced during this period, the specified

nueher of unit houre shall be accumulated to maintain qualification (see 4. 5f).

4.6.4.2 Quality level verification. The contractor is responsible for establishing a quality system to
vorrfv the PPM defect leval of laote that are quh}prtpd to eubarnun 2 tests of the aroup A 1nsoect10ns. The

PPH defect Llevel shall be maintained for each specﬂ\catwn sheet. The PPM defect Level shall be based on a
6-month moving average. The contractor shall verify snd report individual PPM categories (i.e., PPN-Z and
PPM-3) and an overall PPN defect level (i_ e , PPM-S). In the event that the contractor meets or exceeds 100

PPM for PPM-2, the qualifying activity shall take the actions specified in 3.3.2.2.1.

4.5 Verification of qualification. Every 6 months, within 30 days of comoletion of group C inspection,
the manufacturer shall compile a summary of the results of quality conformance inspections and extended FR
test data, in the form of a Verification of Qualification Report, and forward it to the qualifying activity
as the basis of continued qualification annroval. In addition to the periodic submission of test data, the
manufacturer shall 1mediately notify the qualifying activity whenever the data indicates that the
manufacturer has failed to maintain his qualified FR Level. Continued qualification approval will be based
on evidence that. over the 6-month period. the following has been met:

a. Vverification by the qualifying activity that the manufacturer meets the requirements of Hii-5TD-
790.

b. The manufacturer has not modified the design of the item.

c. The specification requirements for the item have not been amended so as to affect the character of
the item.

d. Lot rejection for group A inspection does not exceed 10 percent or one lot, whichever is greater.

e. The reauirements of group C inspection are met.
f. The records of all tests combined substantiate the M (1.0 percentj, P (0.7 percent) FR ievei has
been maintained or that the manufacturer continued to meet the R (0.01 percent) or S (0.001

percent), FR Level for which qualified, although the total component hours of testing does not, as
yet, meet the requirements of 4.4.4.7c.
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g. The contractor shall provide documentation to the qualifying activity pertaining to PPM
calculations including numbers of part types tested, individual PPM defect categories (i.e., PPK-2
and PPM-3) and the overall PPM detect rate (PPM-5). This information shall be submitted on a

specification sheet basis.

1f groun € test rnnn1r.-pntc were not met and the manufacrurer has taken corrective action nat1:fggggry to

the Govemmt the manufacturer shall submit a verification of qualification report within 30 days after
completion of the group C testing. In this case, the qualifying activity shail be notified within the time
the original verification of quatification report was due. All reports shall be certified by the

responswle company official. The quahfymg activity shall be contacted for report format.

4.5.1 Records. Maintenance of Life test and FR level records shall be as specified in MIL-STD-690.

4.6 Quaiity conformance inspection.

4.6.1 Inspection of product for delivery. Inspection of product for delivery shalt consist of group A
inspection for FR ileveis H. P, R, and S.

4.6.1.1 Inspection and production tot.

4.6.1.1.1 Inspection lot. An inspection lot shall consist of all capacitors frosm the same production
line or Lines, of the same style, rated voltage, dielectric material and offered for inspection during a
single work month. Each Lot shall be Kept separate Trom every other lot. The sample selectad ros the o
shall be representative of the capacitance values and case sizes in the lot. Styles CHMRO3, CMRO4, CMROG,
CMRO7, and CMRO8 may be combined for FR level maintenance.

>
4

4.6.1.1.2 Production lot. A production lot shall consist of all capacitors of the same style, voltage
rating, characteristic, nominal capacitance value, capacitance tolerance, and case size. The manufacture of

Lot ohall hava sommbl o e n nl-mn—\ Inf sdantiry

all ~mnte *ha haa, etantard o ard - bl ad *ra -ard
sll parts in the lot shall heve been started, processed, sssembled, and tested 85 & groy ot identity
shall be maintained throughout the manufacturing cycle.

L £ 12 Cisbhmnaiim 1 Santa 4 ante shall ha nanfanmand an a Aradiistsnn 1At hacsie Aan 1Y) nancrant

£.6.1.2 Subgroup 1 tests. Subgroup 1 tests shsll be performed on & production lot basis on 100 percent
of the product supplied under this specification. Capacitors failing the tests of subgroup 1 shall be
removed from the lot. I1f during the 100 percent inspection, screening requires that more than 8 percent of
rtha cranaritnre ha Aicrnrndad tha antiera nm‘.u-oim -h-ll ha '-Al.hf.r‘
the capacitors be discarded, the entire production shatll ejectred.

4.6.1.2.1 Manufacturer's production inspection. 1f the manufacturer performs tests equal to or wore
trinoant than thnse snacifiad in suharoon ' tahla 1Y me ¢ha final atan af hie Ariad 3 n e araun
tringent than those specified in subgroup table IX, as the final step of his production process, group

A, subgroup 1 inspection may be waived and the data resulting from the manufacturer's production tests may
be used instead. Authority to waive the subgroup inspection shall be granted by the qualifying activity

1
anly Tha $nllnuina rrnitaria ahall ha comnliad uith:
SOy . ICLATRING VISl IS Snae TP IS wIthns

a. Tests conducted by the manufacturer during production shall be clearly identical to or more
atnsnmant ¢han that snarnifiad fan aithanrnaiin 1 Tn!-’ ArnnAdAitimne chall ha amniial ¢tn Ar s~ra ctrinnant
stringent than that specifisd for subgroup 1. est conditions shall be 2gqual toc or more stringent
than those specified for subgroup 1 tests.

h Manufacturar cithimrte 10} narrant ~f thea nrodoct cinnliad undar thie enacifiratian *tn hie

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

-~ Thae narameatare mananiread snd the faslura srnitania ahall ha asme Aar anara etrinnane than thneas

¢. The parameters messured and the failure criteria shall he the same or more stringent then those

specified herein.

21
Fr
-
0
-
'y
D

titta £an aihmmsie 1 ata Thie
TOT SUSGTOUP tests. WS

Sret nlamarntamt Lo o md *ha meocdiisd s oan b s b e
INSITUmenwatiGh USSG in Ind ’Ilw\lbl.l\.ﬂl tests Wil @re a suostitu

data shall be provided as part of the evaluation required for MIL-STD-790. The manufacturer shall
also make available to the Government all records of all detail test data resulting from production

Ganta widndabh a arhatitiiba a cihmaniin 1 Ctanda
TESIs WTCH GTe & SULSTITULE TOM suUDGICuUp v tests.

f. Once approved, the manufacturer shall not change the test procedures or criteria without prior

nd

notification and concurrence uy the quaxlxylng uctivity.
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criteria

MHigh voltage stabilization
Dlelectric withstending voltage
Insulation resistance (3 25°C)

Capacitence
Dissipation tTactor

Subgroup 2 (PPM)

100X inspection

Dielectric withsta

(PPR-2)

i

1

I

1

|

i

|

!

I

|

!

]

!

I

|

!

|

| Insulation resistance (3@ 25°C)
} (PDM_9Y
|
|
[}
J
]
!
1
!
!
]
I
t+
i
!
!
|
!

ina valtanae
ng tage

Reject

o
o]
-

.
A

Insulation resistance (3 125°C)
(PPH-2)
Lapacitance (PPR-20

Dissipetion factor (PPM-2)
Mechanical examination (PPM-3)1

i~
~N
wn
-

defect

n

h
v .
-'00

o]

[ Plt.ibl
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Subaroup 3

Visuai dimensions:
Physical dimensions

Marking 2/

-
W

L]

L__]

Subaroun 4

Solderability

- S ——— s e S e e i s o = — — S e e e e ot e e e | s e

;
I
|
|
i
|
|
|
!
g
|
|
I
[
|
|
!
|
|
i
1
|
i
|
g
|
|
[
|
!

e o et s e e e e e g

[
r

/ Dimensions only.
/ Marking detects are hasad on visual inzpection and shall be charged only for

itlegible, incomplete, or incorrect marking. Any subsequent electrical
defects shall not be used as a basis for determining marking defects.

4.6.1.3 Subqroup 2 tests (PPM cateqories).

4.6.1.3.1 Sampling plans. Subgroup 2 tests shall be performed on an inspection lot basis. Samples

subjected to subgroup 2 shall be selected in accordance with table X, based on the size of the inspection
lot. In the event of one or sore failures the Lot shall be rejected. Equipment and operatars used to

perform the subgroup 2 tests shall not be the same as those used in the subgroup 1, 100 percent tests.

| ] |
H tot size 1 Sespls size H
I | ]
| 1- 125 | 100 percent |
1 ane T AN 1 129C t
' 160 = J,&W 1 es ]
| 3,207 - 10,000 ] 200 |
{ 10,001 - 35,000 [ 315 |
i 35,001 - 150,000 i 500 i
| 150,001 - 500,000 | 800 I
| 500,001 - up | 1,250 |
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4.6.1.3.2 Rejected lots. The rejected lot shall be segregated from new lots and those lots that have
passed i1nspection. The rejected Lot shail be 100 percent inspected for those quaiity characteristics found
detective in the sample and any defectives tound removed from the lot. A new sample of parts shall then be
randomly selected in accordance with table X. If one or more defects are found in this second sample, the
production lot shail be rejected and shaii not be supplied to this specification.

4.6.1.3.3 PPM calculations. PPM calculation shall be based on the results of the first sample check as
prescribed in 4.6.7.3.7. Calcuiations and data exclusion shaii be in accordance with EIA-554. (Note: PPH
calculations shall not use data on the second sample submission.)

4.6.71.4 3Subgroup 3 tests. Subgroup 3 shaii be performed on an inspection iot basis. The sampling
procedures shall be as specified in table IX.

4.6.7.5 Subgroup &4 (soiderabiiity).

© the solderability test. The manufacturer may us€ electirical rejecis Trom the subgroup 1
screening test for all or part of the samples to be used for solderability testing. If there are one or
more defects, the lot shall be rejected.

.6.1.5.17 Sampling plan. Thirteen samples shall be selected rundo-ly from each inspection lot and
ccted t

4.6.1.5.2 Rejected lots. In the event of one or more defects, the inspection lot is rejected. The
manufacturer may use one of the following options to rework the lot:

a. Each production Lot that was used to form the failed inspection lot shall be individually submitted
to the solderability test as required in 4.6.1.5.1. Production lots that pass the solderability

tact ra availahla far ahinmant oroduction lots failing the sgliderahility tect can bhe reuorked
TES5T &e avaiiaoee TOM satpment. crEGUCTION WOXS TG VNRg SC 31y (85T Lan crRel
R}

only if submitted to the solder dip procedure in b.

[y The mangfarcrtiicrms eohmit thae failad Iat A 2 1NN narrant enldar A-in ueing an annroved enldar Ain

b The manufacturer submits the failed lot toc 2 100 percent sclder dip using an approved solder dip
process in accordance with 3.4.2.1. Following the solder dip, the eLectrvcal measurements required
in group A subgroup 1 tests shall be repeated on 100 percent of the lot. The percent defective
mllrnamsca (DNAY $Ar ¢*ha alartrnical mancumamante chall ha as far tha enharnun 1 tacte
slilowance (PDA) for the electrical measuremsnts shall be bgroup 1 tests.

Thirteen additional samples shall be then selected and subjected to the solderability test with
2ero dafacte alloued 1f the Lot faile this colderahility tect the iot ghall be considered

rejected and shall not be furnished against the requirements of this specification.

L 6,153 Disposition of samples. The solderability test is considered 2 destructive test, and samples
submitted to the solderability test shall not be supplied on the contract.

4.6.2.1 Group C inspection. Group C inspection shall be performed on sample units which have been

anh\-r'-d o and have paee.d aroun A inenastion for f0 lavele M P R' and € ehall conciet of the tecte

SSSC STOVp inspecion wevels N, Y,

spec111ed in table XI, in the order shown. The maximum and minimum case size manufactured during a month's

production shall be represented in the sample in at lLeast the approximate ratio of production. Test data
obtained chall be revieued ac nart of the complete verification of qualification.

4.6.2.1.1 Sampling plan.

4.6.2.1.1.17 For all FR _levels. Seventy-two sample units, representative of a month's production, shall
be taken from production every 2 months, divided into subgroups as Listed in table X1 for subgroups 1 and 2,

and eubjected to the test cnacifiad herein Alloushlia failures chatt he ac egpecified in table XI.,
4£.6.2.1.1.2 For M, P, R, and S FR Levels. In addition to the tests specified in 4.6.2.1.1.1, a minisum
of 10 samole unite from sach inspection lot shall be subjected 1o subgroup 3 of table X1, Allousble
failures shall be as specified in MIL-STD-690, table IV, maintenance period B.
'
4£.6.2.1.2 fFsilures. If the nusber of failures excoeds the number allowed in table XI or MIL-STD-£9Q, e
applicable, the sample shall be considered to have failed
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TABLE XI. Group C inspection.

i |

] ; | 1
| Inspection | Requirement | Method | Number of | Allowable |
i | paregraph | paragraph | sampie units | fsiiures |
| | | | | |
j ALl FR Levels j | | | |
i i i | | A i
| vibration | 3.13 | 4.7.9 | || [
| Temperature coefficient and | | | | 3¢ I 14 |
! capacitence drift | 3.1L I ¢710 ! | [ ]
| Thermal shock and immersion | 3.15 | 4.7.11 | | b ]
| | | — |— |
| € D 1 1 ] 1 1
! SUSHIOUP ¢ ] i i i i
I | | j— [— {
| Barometric pressure | 3.8 | 4.7.4 [ | |
| Clasl Sdiard sl aa 1 T a4 I 2 7 12 t i I ] 1
| oWOTK, BPSTITISU pRiLST i .00 ] S.i.vE 1 1 1 | 1
| Terminal strength | 3.17 ] «4.7.13 | | 36 | |1 ]
| Resistance to soldering heat [ 3.18 | 4.7.9% | | I !
[ e t 2 an ] 4 ? ac 1 ] 1 ] i
1 Wl“u’c 'c’l.kﬂll‘-‘ | e 17 . “.f .7 | ] i I i
I I | |- — |
| M, P, R, and S FR levels | | | | |
i Subgroup 3 i i i | :
| | | | | |
| Life (2,000 hours accelerated) | 3.20 | 4.7.16.2 | 10 1/ | 1/ |
i i i i i i

1/ See 4.6.2.1.1.2.

4£.6.2.1.3 Dis Qsition of ggle units. Sample units which have been subjected to group C inspection
L POt b i

L —
snatie no

Q.
a
-
-
<
o
]
3
"
I
®
g
b
o
aQ
Pl

4.6.2.1 4 Noncompliance. If a sample fails to pass group C inspection, the manufacturer shall take
corrective action on the materials or processes, or boih, as warranted, and on all units of proGuct which
can be corrected and which were manufactured under essentially the same conditions, with essentially the
same materials, processes, etc., and which are considered subject to the same failure. Acceptance of the
product shall be discontinued until corrective action, acceptable o the Government, has been taken. Afler
the corrective action has been taken, group C inspection shall be repeated on additional sample units (all
inspections, ofr the inspection which the origiml somple failed, at the option of the Government). Group A

P -—rnaa® S an
O

'lﬁSpeCt"vGﬁS w»ay be lvul)tu.ul.eu, owever, Tinatl accepiaince shall be withheld until the group ¢ Tel -"wvn.u.n
has shown that the corrective action was successful. In the event of failure after reinspection,
informsation concerning the failure and corrective action taken shall be furnished to the cognizant

dmamantian et i med b ol S masZiidens
TISPTLLIWU] GLLIVILY aid LI Qualliilytluy aviiviLy.

4.6.3 lnsEction of Eclu_sg‘gg Sample packages and packs and the 1nspect’|on of the preservation and
packaging, packing, and marking Tor shipment and storage shall be in accordance with the requiresents of
MIL-C-39028.

4.7 hethods of inspection.

4.7.1 Vvisual and mechanical examination. Capacitors shall be examined to verify that the nterials,

o

ucslgu, ConsLruce lm, pﬂy!ICll DI.E"SYWS, iﬁf(if‘iﬁ, unu uorl-ansn\p are In a\.wruulu.c -lul ul: uppku.nukc
requirements (see 3.1, 3.4 to 3.5.2 inclusive, and 3.23 to 3.24.1, inclusive).

4.7.2 Dielectric withstanding voltage {see 3.4). ({apacitors shall be tested in accordance with metnos
307 of MIL-STD-202. The following details shall apply

a. fRagnitude and nature of test voitage: 200 percent of rated dc volitage.

b. Duration of application of test voltage: Not less than 1 second nor more than 5 seconds. The
duration of the test shali begin when 95 percent of the test potential is reached.
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4.7.3
voltage

Points of application of test voltage: Between terminals.

Limiting value of surge current: Shatl not exceed 50 milliamperes (mA) during charging and
discharging.

Examination after test: Capacitors shall be examined for evidence of damage, arcing, and
breakdown.

High voltage stabilization (see 3.7). Capacitors shall be subjected to 200 percent of rated dc
at a minimsum teq;erature of 125°C or 150°C, as applicable, for a minimum of 48 hours. During the

test, the citors shall be uatel roiecied inst voltage surges of 25 rcent o wore of test
’ Capa @OEG yp aga g (o1 [

voltage
arcing,

4.7.4

STD-202.

Y
<.

-8

4.7.5

and surge current shall not exceed 50 mA. Capacitors shall be examined for evidence of damage,
and breakdown. Insulation resistance shall then be measured as specified in 4.7.5.1.

Barometric pressure (see 3.8). Capacitors shall be tested in accordance with method 105 of MIL-
The following details shall apply:

Method of mounting: Not applicable.

Tests during subjection to reduced pressure: A test potential of 100 percent of rated dc voltage
for style CMROL SO0 volte, and 150 percent for atl other ctyles and voltages chall be apnlied

between the terminals for 60 +15, -0 seconds. Surge current shall not exceed 50 mA.

Examination after test: Capacitors shall be examined for evidence of damage. arcing. and
breakdown.

Insulation resistance (see 3.9).

4.7.5.7 At _room ambient temperature (see 3.9.7). Capacitors shall be tested in accordance with method
302 of MIL-STD-202. The following details shall apply:

b.

c.

4.7.5.

Test condition: RA. (At the option of the manufacturer, a higher volitage may be used).

Points of measurement: From terminal to terminal. (Condensed moisture may be removed by a blast

—a A_‘\

oT &IrJ.
Electrification time: Not less than 10 seconds and not more than 2 minutes.

2 At high embient temperature (see 3.9.2). Capacitors shall be subjected to the high ambient’

te-perature, 125°C +5°C, -0°C or 150°C +5°C, -0°C, as applicable, for a period of time sufficient to reach

thermatl

7.6
T

ane

b.

4.7.7
Hz when
greater

SlaDllIIy and shail be measured as spcc17120 in 4.7.5.9.

Capacitance (see 3.10). Capacitance shall be measured in accordance with method 305 of MIL-STD-

he following detaiis shaii apply:

Test frequency: 1 megshertz (MHz) 21,000 hertz (Hz) when the nosinal capacnance is 1,000 pf or
tess, and 1 kilohertz (kHz) £100 Hz whenh the nominal capacitance is greater than 1,000 pf. At
option of the manufacturer, capacitance measurements may be made at any frequency from 1 kHz to

MHZ and referred to measurements at 1 MHz and 1 kHz, as applicable.

Limit of accuracy: Shall be 20.2 percent of nominal capacitance value or 0.2 pF, whichever is
greater.

Dissipation factor (see 3.11). Dissipation factor shall be measured at a frequency of 1 MHz 21.000
the nominal capacitance is 1,000 pF or less, and 1 kHz $100 Hz when the nominal capacitance is
than 7,000 pf. weasurement accuracy shail be within #2 percent for dissipation factor and within 25

Hz for frequency.
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4.7.8 Solderability (see 3.12).

The following details may apply:

a. Number of terminations of each part to be tested:

-t

epin O

cr
<

$ i mmmioe S S
1 h ¥

c. No physical damage after test.

Two.

Capacitors shall be tested in accordance with method 208 of MIL-STD-202.

4.7.9 Vvibration (see 3.13).
4L 7 Q 1 VisbhematsAan himh framianaug fanaritnre chall
4.7.9.1 Vibrstion, high freguency. Capacitors shall
202. The following details and exceptions shall apply:
'y MAs st 3o - Cfanacritnre chall ha riatdlyv
a. Mounting: Capscitors shall be rigidly mounted

b. Test condition:

c. Meesurewents during vibration:

circuiting.

d. Examination and measurements after test:

o =5<-

4.7.9.2 VYibration, random.
following details shall apoly:

During the last cycle in each
shall be made to determine intermittent contacts of 0.5 ms or

Capacitors shall be tested in accordance with method 274 of MIL-STD-202.

a. Mounting: Body of the capacitor shall be rigidly supported.

b. Test condition:

c. Duration and direction of motion:
directions (total of 4 hours 30 minutes).

d. Measurements:

E of table 214-11.

1 hour 30 minutes in each of three mutualiy perpendicular

buring the Last 30 minutes in each direction. an electrical measurement shall be

direction, an electrical measurement
greater duration or open- or short-

Capacitors shall be examined for evidence of mechanicai

The

made to determine intermittent contacts, or open- or short-circuiting. Detecting equipment shall
be sufficiently sensitive to detect any interruption of 0.5 ms or greater duration.

e. Examination after test:

Capacitors shall be examined for evidence of mechanical damage.

4.7.10 TYemperature coefficient and capacitance drift (see 3.14).

4.7.90.4

For quaiification inspection.

-~ i .l 48 L A i mm A ma .iiak £ D
Lapacitance measurements Siall D€ maae 111 accorgance wiiln “4.r.

P3
o

(a frequency of 100 kHz 210 percent may be used as an alternate) at the following temperatures in the order

listed:

| | [ | I
{ Step | Temperature °C || Step | Temperature °C i
| | 1 | 1
R H | !
| | 25 22 ii 6 i 45 %2 i
o T !
| 2 | -=55+0, -2 H 7 1 65 22 1
! | 11 | |
1 3 1 40 22 11 a2 1 8BS +2 -0 |
| | M I ©125 +2, 0 |
| & ] -10 22 1] 9 | (For temperature ranges O and P) |
! | ¥ : 150 42, 0 |
| s | 25 2 fL_10 | (For_temperature range P) 1
1 | L1 25 22 |
10
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The measurement at each temperature shall be recorded when two successive readings taken at 5-minute
intervals at that temperaturc 1ndicate no change 1n capacitance. An accuracy of 20.025 percent of nominal

capacitance +0.05 pf shall be maintained Tor measurement of capacitance change.

4.7.10.1.1 JYemoerature coefficient. The temperature coefficient shall be computed as follows
(c_- C5) 10¢
TC = X 2
(T, - T,)C

Where: 7TC = Temperature coefficient in parts per million per degree centigrade.

2}
x
n

Capacitance at test temperature in pf.
Cg = Capacitance at step S temperature in pf.
T = 25°cC.

T5 = Test temperature in degrees centigrade.

4.7.10.1.2 Capacitance drift. Capacitance drift shall be computed by dividing the greatest single
difference between any two of the three values recorded at 25°C by the step 5 value recorded at 25°C.

4.7.10.2 For quality conformance inspection. Capacitance measurements shall be made as specified in
4.7.10.1, except that measurements shall be made only for steps 1, 2, 5, 9 or 10, as applicable, and 11.

4.7.10.3 Continuous-curve temperature coefficient. As an slternate to the measurements specified in
4.7.10.1, a continuous curve of capacitance versus temperature may be produced by subjecting the capacitors
to a slowly varying temperature. The temperature shall be varied from 25°C to -55°C, to 125°C or 150°C, as
applicable, and to 25°C. A temperature-sensing device shall be embedded in a dummy capacitor in a manner to
assure accurate internal readings in the capacitor under test. The temperature shall be varied slowly
enough to produce a smooth, uniform curve with no loops at -55°C or 125°C or 150°C, as spplicsble.

Measurements shall be made at a frequency of 100 kHz +10 kHz. Accuracy shall be as specified in 4.7.10.1.

4.7.11 Thermal shock and immersion (see 3.15).

.11.1 Thermal shock. Capacitors sh be tested in accordance with method 107 of MIL-STD-202. The

all
wing details and exceptions shall apply:

S a3% 2P

Q
o
(]
~
[+]
9
-
w
(=]
o
o
+
Wl
o
o
N
]

a. Test condition: A, except that elevated temperature shall be 125°C +3°C, -
0°C, as applicable.

b. Measurement before cycling: Capacitance.
c. Measurement after cycling: Not applicable.

4.7.11.2 lmmersion. The temperature cycling shall be followed by immersion cycling in accordance with
method 104, test condition B, of MIL-STD-202. Capacitors shall be visually examined for evidence of
deterioration, permanent damage to ieads and case, and corrosion on the ieads. ODielectric withstanding
voltage, insulation resistance, capacitance, and dissipation factor shall then be measured as specified in

4.7.2, 4.7.5.1, 4.7.6, and 4.7.7 respectively.

n)
Q

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T14:45Z
Check the source to verify that this is the current version before use.



AiL-T-3%0018

4.7.12 Shock, specified pulse (see 3.16).
MIL-STD-202. The following details shall apply:

a. Mounting:

b. Test condition: 1 (100 G(pk)

Capacitors shall be tested in accordance with method 213 of

Capacitors shall be rigidly msounted by the body.

c. Measurements during shock: During the Last shock in each direction, an electrical measurement
ten

shall he made to determine intermit

circuiting.
d. Measureaents after shock:

i

7.13 TJerminal strength (see 3.17).

contacts of 0.5 ms or greater duration or open- or short-

Capacitors shall be examined for evidence of mechanical damage.

4.7.13.1 Pull test. ALl terminals shall be subjected for 5 1 seconds, to a pull of S-pounds +2, -0

ounces in a direction perpendicuiar to the ieads.

4.7.13.2 Twist test.
TD-20Z.

(%]

Capmcitors shall be tested in accordence with method 211, test condition P, of MIL-

Capacitors shall be tested in accordance with method 210

4.7.14 Resistance to soldering heat (see 3.18).
of AIL-STD-202.

The foiiowing detaiis and exceptions shaii appiy:

a. Depth of immersion: Within .250 inch of the case.

b. Test condition: G.

€. {ooling time prior to fihal measurement: 7 minute £10 seconds

d. Measurements after test: Insulation resistance, capacitance, and dissipation factor shall be
measured as specified in 4.7.5, 4.7.6, and 4.7.7, respectively.

4.7.15 Moisture resistance (see 3.19). C(apacitors shall be tested in accordance with method 106 of MIL-
STp-202. The following detaiis and exceptions shail apply:

a. Number of cycles: Capacitors shall be subjected to twenty continuous temperature cycles.

b. Mounting: Capacitors shall be mounted by the leads in a manner that will keep the capacitor body
from touching the test fixture during test or measurement.

¢c. Conditioning prior to test: Capacitors shall be tested as specified in 4.7.11.%.

d. Polarization: A dc potential of 100 volis of rated volts, whichever is less shall be spplied
across the capacitor terminals of SO percent of the units under test and no voltage applied to the
other 50 percent.

e. Vibration: The vibration requiresent of ateps 7a and 7b shall not apply.

f. Final sessurements: After completion of step & of the final cycle, capacitors shall be msintsined
at 25°C 25°C, and S0 25 percent relative humidity for a period of 4 to 24 hours. Ilnsulation
resistance, dielectric vithttanding volt-ge, cnpacitlnce, and dissipation factor shall then be
——mirmemed me mmmncliad dam L 7 C 2?2 rd ———t L T 7 mamman saial o r 1tmana ahall ¢han
WCTBIUTTU @3 JpPTLiITITu iy =.i.J. l, 4. i.&, 4. l.v, aiva -v.c.v, Fespectively. L(SpSCIiors snsiL tneh 20

4.7.16 Life (see 3.20).
temperature of -55°C +0°C

Y , - as -
TesSLs specnleq in 4.7.16.71 of 4.7.16.2 as CPPLICBDLE

examined for evidence of deterioration, permanent damage to the leads or case, and corrosion on the
leads .

Capacitors shall be preconditioned for Llife test by subjecting them to &
-2°C for a minimum period of 48 hours. Capacitors shall then be subjected to the

> azs
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4.7.16.1 For qualification inspection (2,000 hour) (see 3.20).

4.7.16.1.1 Rated conditions. Capacitors shall be subjected to 100 percent of rated dc voltage at 125°C
£3°C or 150°C 23°C, as applicable, for 2,000 +72, -0 hours. During the test, the surge current shall be
limited to S0 milliamperes. At the conclusion of the test, capacitors shall be returned to the inspection
conditions specified in 4.3.1, and shall be visually examined for evidence of mechanical damage; the
dielectric withstanding voltage, insulation, resistance, capacitance, and dissipation factor shall then be

measured as specifisd in 4.7.2, 4.7.5, £.7.6, and 4£.7.7, respectively (see 3.20),

4.7.16.1.2 Accelerated conditions. Capacitors shall be tested as specified in 4.7.16 and 4.7.16.1.1,
except that the capacitors shall be subjected to 150 percent of rated dc voltage.

4.7.16.2 For quality conformance inspection (see 3.20).

4.7.16.2.17 For FR levels M, P, R, and S. Capacitors shall be tested as specified in 4.7.16.1.2.

4.7.16.3 Extended Life (see 3.20).

4.7.16.3.1 Following 2000 hour quaiification test. Capacitors shaili be continued on test vor an
additional 8,000 +96, -0 hours; measurements during and after exposure shall be accomplished after 2,000
+96, -0 hours and every 2,000 +96, -0 hours thereafter until a combined total of 10,000 +96, -O hours have

eiapsed. The measurements are the same specified in 4.7.16.1.

4.7.17 Fungus (see 3.21). Capacitors shall be tested in accordance with method 508 of MIL-STD-810.

__________________________________ FRCR |

Pretest and POST~1EST measurementis arc not requireda.

a. Portion of specimen to be brushed: That portion on which marking is present.
b. Number of specimens to be tested: As specified in table VIII.
c. Permissible extent of damage: As specified in 3.22.

5. PACKAGING

5.1 Packaging requirements. The requirements for packaging shall be in accordance with MIL-C-39028.

6. NOTES

(This section contains information of a general or explanatory nature that may be heipful, but it is not
mandatory).

6.1 Intended use. The capacitors covered by this specification are intended for use in equipment where
known order of reliability is required.

6.2 Acquisition requirements. Acquisition documents must specify the following:

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

b. Title, number, and date of the applicable specification sheet, and the complete type designation
(see 1.2.1 and 3.1).

c. Levels of preservation and packaging and packing, and applicable marking (see section 5).

[«3
n
[

6.3 Retinning leads. If retinning (hot solder dip) of the leads is required, see 3.4.2.1.

n
ny
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6.4 Qualification. With respect to products requiring qualification, awards will be made only for
products which are at the Time set for opening of bids, qualified for inclusion in the applicable QPL,
whether or not such products have actualiy been sc Listed by that date. Tne attention OT the contractors is
called to these requiremsents, and menufacturers are urged to arrange to have the products that they propose
to ofter to the Federal Government tested for qualification in order that they may be eligible 10 be awarded
contracts for the products covered by this specification. The activity responsible for the QPL is U.S. Army
Laboratory Commend (LABCOM), ATTN: SLCET-R-S, Fort Monmouth, NJ O7703-5302; however, information pertaining
to quelification of products may be obtained from the Defense Electronics Supply Center (DESC-E), Dayton, OH
45444. Applications for qualification tests shall be made in accordance with SD-6, "Provisions Governing
Qualification” (see 6.4.1).

6.4.1 Copies of forms. Copies of “Provisions Governing Qualification" may be obtained upon application
to Commanding Officer, Naval Publication and Form Center, Standardization Documents Order Desk, Building 4D,

700 Robbins Avenue, Philadelphia, PA 19111-5094.

6.4.2 Feilure rate level gualificstion. Where the invitation for bids specifies a failure rate lLevel
below the P Level, awards will be made only for those products that have been qualified prior to the bid-
opening date by the qualifying activity as meeting the failure rate level specified in the invitation for
bids.

6.5 Selection and use information. Equipment designers should refer to MIL-STD-198, "Capacitors,
Selection and Use of" for a selection of standard capacitor types and values for new equipment design.
Application and use inforsation concerning these capacitors are slso provided in MIL-STD-198.

6.6 Fajlure-rate level determination. The curves presented on figures 3 and 4 are the best engineering
approximation of the reliability characteristics (random failures) for these capacitors when employed
repeatedly, within their specification ratings, in complex electronic equipment. These reliability
characteristics are based on ground-Level severity experience. Failures are considered to be opens, shorts,
or radical departures from initial characteristics. The failures are considered to be occurring in an
unpredictable manner and in too short a period of time to permit detection through normal preventive
maintenance. The curves shown on this figure are based on catastrophic failures and will differ from the
failure rates established in the specification, since the established failure rates are based on "
parameter failures over long term life tests at rated conditions. Figures 3 and 4 have been extracted from
MIL-HDBK-217, “Reliability Stress and Failure Rate Data for Electronic Equipment.* The curves have been
modified from their original versions in that the ordinate has been normalized in order to provide
multiplier factors in place of discrete failure rate Levels and in order that the multiplying factor for a
failure rate at rated conditions is unity. As indicated, these curves are the best estimates based on
catastrophic failures; hovever, they can provide an estimate of the relative effect of operating under
conditions other than rated.

6.7 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.

6.8 Subject term (key word) listing.
Capacitance
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PROCEDURE FOR QUALIFICATION INSPECTION
10. SCOPE
0.1 Scope. This appendix detaiis the procedure for submission of sampies, with reiated data, Tor
initial qualification inspection of capacitors covered by this specification. The procedure for extending
qualification of the required sample to other capacitors covered by this specification is also outlined
nerein.

20. APPLICABLE DOCUMENTS (This section is not applicable to this appendix.)

30. SUBMISSION

W
[&]

Jag‘k .
30.1.1 Single-type submission. A sanple consisting of 102 samptle units of each type for which
sl St & e b abema & famem 2P AN
YuartiiivaL vy 1a» m'lt ST, UT SUWIILW AICT WJ. 17,

30 1.2 Sinqle-style submission. A maximum of two types, 51 of each type, may be represented in a single

a misbmisosdan Dath ¢unas ahall ha Af ¢tha cama sanacritanra ¢anlaranca and hn--n'-n‘.’\r Yha hsnh-e?
aL; le SUCRISSTON. SO TYPES Snaul o€ OF Nt SaWT Capaditanie toweranie and Tnaraelerist s g

and lowest capacitance value within a style or characteristic shall be equally represented. However, where
the lowest capacitance value listed for a particular style or characteristic is below 47 pF, specimens of

rha 17 nﬂ u-ln. or nnn‘-nnklu Im‘-vn s h. gnk-\”.r(
e <, PreiEracyy TweEl, =Sy LR RS ¢

30.2 Jest data. When examinations and tests are to be performed at a Government taboratory, prior to
submission, all samnle units chall be subjected to all of the examinations and tests indicated as
nondestructive in table VIII. Each submission shall be accompanied by the test record obtained from these

examinations and tests. The performance of the destructive tests by the manufacturer on a duplicate set of
sampl_e unite ie encwr_n_ged nl?hnnnh nat reauirad ALl tact data chall he cuhmittad in Allnlirn'n

- Q- 538 =Lt 2C

30.3 cCertification of material. UWhen submitting samples for qualification, the manufacturer shall submit
certification in duplicate that the materialg used in hic comnonents are in accardance with the applicable

specification requirements.

30.4 Descrintion of items. The manufacturer shall submit a detailed descrintion of the materials and

general constructional features of the cosplete range of capacitors for which qualification is sought, for
example, case material, type of electrodes and lead material, dielectric thickness, margin, etc.

40. EXTENT OF QUALIFICATION

40.1 Single-tvne submission. OQualification will be restricted to the style, capacitance value,

characteristic, and capacitance tolerance equal to or broader than the characteristic and capacitance
tolerance submitted.

40.2 Single-style submission. Qualification of all types in the submission automatically carries with it
qualification of all types within the style and capacitance range submitted, except that approval of the
Lowest cnnn¢:1t-ncg value in the F characteristic will be the hasis for aporoval of all Lesser canacitance
values and broader characteristics within a style. Qualification of characteristics and capacitnnce
tolerances shall be restricted to those equal to or broader than that submitted. This extension of
qualification iz contingent on the use of the same materimis, design, and construction for all types
qualified. Uherever material, design, or constructional differences exist, submission shall be made in
accordance with 30.1.1.
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