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MI{-C-390036

3 April 1987

PERFORMANCE SPECIFICATION

FAJLURE RATE LEVELS “M®, “p%_  AND “R"™ ARE
INACTIVE FOR NEW DESIGN AFTER 2 FEBRUARY 1984.

FATLURE RATE LEVEL “S* IS INACTIVE
FOR NEW DESIGN AFTER 15 AUGUST 1984.

Thic enecification is apnroved for use by all Departments
and Agencies of the Department of Defense.

1. SCoPE.
1. Scope. This specification covers the general requirements for .stablished relisbility, insulated,

tantaium, eiectroiytic (soiid electroiyte), fixed capacitors, hermetically sealed 1/ in wets! csses (se&e
6.1). Rated voltages range from 6 to 100 volts dc with surge voltages of 8 to 130 volts dc, respectively
(see 4.7.19). These capacitors are designed for full rated voltage operation between -55°C and +85°C,
derated linearly between +85°C and +125°C to the value shown in table 1. A part per million (PPM) quality
system is used for documenting and reporting the average outgoing quality of capacitors supplied to this
specification. Statistical Process Control (SPC) techniques are required in the mesnufacturing process to
minimize variation in production of capacitors supplied to the requirements of this specification. These
capacitors have reliability ratings established on the basis of life tests performed st specified voltage at
+85°C for Failure Rate levels (FRL’'s) ranging from:

a. 1.0 percent per 1,000 hours to 0.001 percent per 1,000 hours in accordance with MIL-STD-690. These
FR levels are established at a &0-percent confidence level and are maintained at a 10-percent
producer’s risk (Exponential distribution).

b. 0.1 percent per 1,000 hours to 0.001 percent per 1,000 hours st a8 90-percent confidence level
(Weibull distribution).

1/ For the purpose of this specification, s hermetically-sealed capacitor is one in which the capacitance
element is contained within a sealed enclosure of ceramic, glass or metsl, or combination thereof, where
sealing is accomplished by material fusion, welding, brazing, or soldering.
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1.2 Classification. Capacitors covered by this specitication are classitfied by tne style, as speuified (see

3.1

2. APPLICABLE DOCUMENTS

\J
g

part o
are those listed in
supplement thereto,

SPECIFICATIONS
MILITARY
MIL-F-14256 -
MIL-1-23053 -

MT_C_TONDR _

AL L=JALS =

MIL-C-55365 -

(See supplement 1

STANDARDS
MILITARY
MIL-STD-202
MIL-STD-690
MIL-STD-790
HiL-STD-810
MIL-STD-1276

MIL-STD-1285

(Iniecs otheruise

n_esSs ol

availabte from the Navy Publish

2.1.1 Spec1ficanonsl standards, and handbooks. The following specifications standards, and handbooks form a
- £
)l

Jrgey ~ tha aytant cnn f1ad harasr "~ ce o 1o
this document to the extent specified herein. Unless otherwise specified, the issues of these documents

the issue of the Department of Defense Index of Specifications and Standards (DCDISS) anc
cited n the solicitation (see 6.2).

Flux, Soldering, Liquid (Rosin Base).
Insulation Sleeving, Electrical, Heat Shrinkable, General Specification for.

Capacitors Packagina of
{apaciteors, Packaging of.

Capacitor, Fixed, Electrolytic (Tantalum), Chip, Established Reliability, General
specification for.

for list of associated specification sheets.)

- Test Methods For Electronic and Electrical Component parts
- Failure Rate Sampling Plans and Procedures.

- Reliability Assurance Program for Electronic Parts Specifications.
- Environmental Test Methods.
- Leads for Electronic Component Parts.

Marking of Electrical and Electronic Parts.

indicated, copies of federal and military specifications, r_and
ing

s and handbooks are
and Printing Service thce, Bmldmg 4D, NPM-U

rds,
DSSP, 700 Robbins Avenue,

Philadelphia, PA 19111-5094).

~
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MIL-C-39003H

2.2 lon-Government publications. lhe following documents form a part of this document to the extent specitied
herein. Unless otherwise specified, the issues of the documents which are DOD adopted are those lListed n the
1ssu= of the DODISS cited 1n the solicitation. Unless otherwise specified, the issues of documents not listed in
the DODISS are the 1ssues of the documents cited 1n the solicitation (see 6.2).

ELECTRONIC INDUSTRIES ASSOCIATION (EIR)

E14-554 - Assessment of Outgoing Ronconforming tevels 1n Parts Per Million (PPM)
going g
E1A-557 - Statistical Process Control Systems.

(Apptication for copies should be addressed to the Electromic Ingdustries Association (EJR), 2007 Pennsylvanmia
Avenue, N.W., Washington, DC 2000¢.)

(Hon-Government standards and other publications are normally available from the organization: that prepare or
distribute the documents. These documents also may be available in or through Libraries or other informational
services.)

2.3 oOrder of precedence. In the event of a conflict between the text of this specitication and the references
cited herein (except for associated detail specifications, specification sheets or MS standards), the text of this

specification shall take precedence. Nothing in this specification, however, shall supersede applicable laws and
regulations unless a specific exemption has been obtained.

3. REQUIREMENTS

3.1 Specitication sheets. The individual item requirements shall be as specified herein and 1n accordance with
the applicable specification sheet. In the event of any confiict between requirements of this specification and
the specification sheet, the latter shatl govern.

3.2 Qualification. Capacitors furnished under this specification shall be products which are authorized by the
qualifying activity for listing on the applicable qualified products List (QPL) at the time of award of contract
(see 4.4 and 6.3). 1n addition, the manufacturer shall obtain certification from the qualifying activity that the
reliability assurance requirements of 4.1.2 have been met and are being maintained. Authorized distributors which
are approved to MIL-STD-790 distributor requirements by the QPL manufacturers are Listed 1n the QPL.

3.3 Reliability and quality.

3.3.1 Reliability. Reliability of capacitors furnished under this specification shall be established and
maintained in accordance with the procedures and requirements specified in MIL-STD-790 and MIL-STD-690, with

details specified in 4.1.2, 4.4.4, and 4.5. The reliability rating is identified by the following FR Level
symbols:

Exponential FR level Veibul FR level

I
Symbol (%/1,000 hrs) I Symbol (%/1,000 hrs
M 1.0 i} B 0.1
p 0.1 1 C 0.0
R 0.0 i D 0.001
S 0.001 R]
3.3.2 Quality.

(¥
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techniques 1n the manufacturing process for parts covered by this specification. The SPC program shal
developed and maintained in accordance with £1A-557. The SPC program shall be documented and maintained as part
of the overall reliabilily assurance program as specified in HBiL-570-790. The implementation date for i
process control shall be 12 months from the date of this specification. Processes for application of S
techniques should 1nclude but are not Limited to the following:
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a. Pressing.
b. Sintering.

c. Electro-chemical processing.
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e. Packaging.

3.3.2.2 oQuality levets. The guality of lots that have been subjected to and have passed the subgroup 1, 100
percent screening inspections of the group A inspection shall be established and maintained in accordance with
4.6.1.2.2 and EIA-554, method B. Individual PP defect levels {(i.e., PPN-2 ahd PPB-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 for PPM-2 shall be less than 100 PPM. Data shall not be excluded from the
appropriate PPM calculation unless specifically authorized by the qualifying activity. Guidance for exclusion of
data 1s specified in EIA-554.

3.3.2.3 noncompijlance. The manufacturer shall noti1fy the quaiifying activity when the 00 PPM defect ievel 1is
reached or exceeded for PPM-2. The manufacturer shall provide su*ticient information to the gqualitying activity
documenting the causes of the problem and what corrective action 1s being taken. Ffailure to correct this problem
shall be the basis for the removal of the affected product from the QPL.

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 requirements of this
spegjfi.r_‘at\;r_xn,_ Accentance or amrnu:! of any constituent material chall not be construed as a guarantee of the

acceptance of the fvmshed product,

2 L1 Slesyving Tha clanuina e all be of a2 nonfungus itriant material in accordance with MII_1_927N8%
3.4.1 Sleeving. The ‘“....,, shall be of 3 nonfungus nutrient material n accordsnce with MIL-1-23053
(cardboard shatl not be used n addition, the material used shall not soften, creep, or shrink to a point where

any part of the cylmdr\cal case is left uncovered at any test temperature specified herein. Insulating tape or

PROYEQUP ——— PO

Semlak ol ) [
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3.5 Design and _construction. Capacitors shall be of the design, construction, and physical dimensions

RN T N P S N T P S PP

specified (see 3.1). Nonpolarized capacitors shail be constructed from two styie (SR13 polarized units which have
passed group A inspection.

3.5.1 (Case. Each capacitor shall be enclosed n a hermetically-sealed metal case which will protect the
capacitor element from moisture and mechanical damage under all test conditions specified herein. Nonpolarized
capacitors, consisting of two hermetically-sealed capacitors joined together, need not be hermetically sealed
within the joining sleeve.

3.5.2 Terminal leads. Terminal leads shall conform to MIL-STD-1276; the lead type, length, and diameter shall
be as specified (see 3.1). Terminal leads shall be permanently secured internally and externally.

3.5.2.1 solder dip (retinning). Only the capacitor manufacturer may solder dip/retin the lead of the
capacitors supplied to this specification, provided the solder dip process has been approved by the qualifying
activity.

3.5.2.1.1 Qualifying activity approval. Approval of the solder dip process shall be based on one of the
following options:

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T16:37Z
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a. When the original tead finish qualified was hot soider dip lead tinish 52 1n accordance with MIL-S1D-1276
(NOTE: The 200 microinch maximum thickness is not applicable). The manufacturer shall use the same solder
dip process for retinning as was used in the ariginal manufacture of the capacitor.

_________ cabDa

b. When the Leag or191nally qualified was not solder dip lead tinish 52 ot MIL-STD-1276 as prescribed n
3.5.2.1.%, spproval for the process to be used for solder dip shall be based on the following procedure:

(1) 30 samples of any capacitance value for each style and lead finish shall be subjected to the
manufacturer's soider dip process. The capacitors shali be subjected to all group A, subgroup 1
post-electrical teats, with no defects allowed. (NOTE: If radiographic inspection and hermetic seal
testing are required in group A, these tests shall also be performed, with no gefects allowed.)

(2) 10 of the 30 samoles shall then be subjected to the solderability test, with no defects allowed.

(3) The remaining 20 samples shall be subjected to the resistance to soldering heat test, followed by the
moisture resistance test (or seal test if the capacitor s hermetically sealed), mfh no defects allowed.
3.5.2.1.2 Solder dip/retinning options. The capacitor manufacturer may solder dip/retin after the 100 percent
group A screening tests or as a corrective action. After solder dip/retinning, the following inspection and tests
shall be performed on 100 percent of the lot:

Seai: Shall conform to the requirements of 3.8 (poiarized capacitors oniy, see 3.1).

Radiographic inspection: Shall conform to the requirements of 3.9 (polarized capacitors only, see 3.1)
(all FR levels apply).

DC (eakage: Shall not exceed the requirement specified in 3.10.

Capacitance: Shall be wuithin the tolerance specified (see 3.1).

Dissipation factor: Shall not exceed the requirement specified in 3.12.
Equivalent series resistance (style CSR27 only): Shall not exceed the reguirement specitied in 3.13.

NOTE: The capacitor manufacturer may solder dip/retin before the 100 percent electrical measurements of the
group A, subgroup 1 tests.

Failed parts shall not be delivered on the contract or purchase order.

3.6 Thermal shock. When tested as specified in 4.7.2, capacitors shail withstand the extremes of high and iow
tures without visible damage.

3.7 Voltaqe aging (exponential only). When tested as specified in 4.7.3, capacitors shall meet the following

DC Leskage: 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 (style CSR21 only): Shall not exceed the requirement specified in 3.13.

ed as specified in 4.7.4, there shall

QL8r12eC <apa

distribution FR level "M"). When capacitors are tested as specified in 4.7.5, rad

dimension (gsee 4.7 .5d).

3.10 b»oc Leakgge when measured as specified in 4.7.6, the dc leakage shall not exceed the applicable value
emansé Py . 1
specin }

a{
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~

3.17 (apacitance. When measured as specified in 4.7.7, the capacitance shall be within tolerance of the
nominal value specified (see 3.1).
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3.12 Dissipation factor. When measured as specified 1n 4.7.8, the dissipation factor shall not exceed the
value specified (see 3.1}

3.13 Equ1valent series res1stance (ESR) (style CSR21 only). When measured as specified in 4.7.9, the ESR shall

2.1¢ Shock (specified pulse) (see 2.1) When capacitors are tested as specitfied
intermittent contacts of (.5 ms or greater duration, or arcing or other 1ndication
be any open- or short-circuiting or evidence of mechanical damage.
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3.15 Vibration, high frequency (polarized capacitors only, see 3.7). When capacitors are tested as specified
in 4£.7.11, there shall be no intermittent contacts of 0.5 ms or greater duration, or arcing or other indication of

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

ray (corrosion). When capacitors are tested as specified in 4.7.12, there shall be no harmfu

ul
corrosion, and at least 90 percent of any exposed metal surface of the capacitor shall be protected by the finish.
There shall be no unwrapping of, or mechanical damage to, the sleeving. Marking shall remain legible.

NOTE: Harmful corrosion shall be construed as being any type of corrosion which in any way interferes with the
mechanical or electrical performance of the capacitor.

3.17 Thermal shock and immersion (polarized capacitors only, see 3.1). When tested as specified in 4.7.13,
capacitors shall meet the following requirements:

nC I‘eakage_ shall not exceed the rMn\ rement tmr1f1ﬂd in 3.10.

Capacitance: Shall change not more than 3 percent from the value obtained when measured as specified
in 4L.7.7.

Dissipation factor: Shall not exceed the reguirement specified in 3.12.

ESR (style CSR21 onLy): Shall not exceed the requirement specified in 3.13. .

Visual examnan There shall be no evidence of harmful corrosion (as defined in 3.16), mechanical
damage, or ob n of mar

3.18 Solderability (polarized capacitors only, see 3.1). When capacitors are tested as specified in 4.7.14,
the dipped portion of the Leads shall conform to the solid-wire termination criteria of method 208 of MIL-STD-202.

3.19 Terminal strength (polarized capacitors only, see 3.1). When capacitors are tested as specified in
4.7.15, there shall be no loosening of the terminals nor permanent damage to the terminals, terminal weld, or
terminal solder, as applicable

3.20 Moisture resistance (polarized capacitors only, see 3.1). When tested as specified in 4.7.16, capacitors

oitowing requirements:

DC leakage: Shall not exceed the requirement specified in 3.10.

Capacitance: Shall charge not more than :2 percent from the value obtained when measured as specified in 4.7.7.
Dissipation factor: Shall not exceed the requirement specified in 3.12.

ESR (style CSR21 only): Shall not exceed the requirement specified in 3.13.

Visual examination: There shall be no evidence of harmful corrosion (as defined in 3.16), mechanical

Al ssa
uclll!g:, or oouite

3.27 Sleeving (polarizedﬁpac'itors only, see 3.1). When capacitors are tested as specified in 4.7.17, the
sieeving shatl mtnstana the specified potential without breakdown; the insulation resistance shall be 1,000
megohms, minimum.

3.22 Stability at low and high temperatures (polarized capacitors only, see 3.1). When tested as specified in
4.7.18, capacitors shall meet the following requirements:

Step 1 (+25°C):

DC Leakage: Shall not exceed the requirement specified in 3.10.
Capacitance: Shall be within tolerance of the nominal value specified (see 3.1).

Dissipation factor: Shall not exceed the requirement specitied in 3.12.

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T16:37Z
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Capacitance: Shall change not more than the applicable value specified (see 3.1) from the step 1

measurn CU va lut
Dissipation factor: Shall not exceed the applicable value specified (see 3.1)

0OC leakage: Shall not exceed the applicable value specified (see 3.1).
Capacitance: Shall change not more than 12 percent from the step T measured value.
Dissipation factor: Shall not exceed the applicable value specified (see 3.1)

Step 4 (+85°C):

DC leakage: Shall not exceed the applicable value specified (see 3.1).
Capacitance: Shall change not more than the applicable value specified (see 3.1) from the step 1
measured vatue.

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

o

Capm £ 1i4™CO0A~N
Step o (+ido L)

DC Leakage: Shall not exceed the applicable value specified (see 3.1).
Capacitance: Shatl change not more than :2 percent from the step 1 measured vatue.
Dissipation factor: Shall not exceed the applicable value specified (see 3.1).

Step 6 (+25°C):

D{ leakage: Shall not exceed the applicable value specified (see 3.1).
Capacitance' Shall change not more than t2 percent from the step 1 measured value.

ot rmtsmn ot -« bl o 2 bsiad foas T 1)
U'b)]wilul labluf BllﬂLL ot CK‘—EW L"E ﬂwk'(—ﬂule VGLUC )WLII TEJ \D3TT J. 1/,

3.23 Surge voltage (polarized capacitors only, exponential oniy, see 3.1). When tested as specified 1n 4.7.19,

capacitors shall meet the following requirements:

DC leakage: Shall not exceed the requirement specified in 3.10.

Capacitance: Shall change not more than t2 percent from the value obtained when measured as specified
in4.7.7.

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

3.24 Life {polarized capacitors only, see 3.1). ‘Vhen capacitors are tested as specified in 4.7.20, there shall
be no mechanical damage, intermittent shorts, or permanent shorts or opens.
3.24.1 Qualificattion inspection. When tested as specified 1n 4.7.20.1, capacitors shali meet the following
requirements:
+25°C

DC Leakage: Shall not exceed the applicahte value specified (see 3.1).
Capacitance: Shall change not more than the applicable value specified (see 3.1) from the value

obtained when measured as specified in 4. 7.7.
Dissipation factor: Shall not exceed the applicable value specified (see 3.1).

+85°C:

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

Ae 4128°r-
AU *3do L0

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

~
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MIL-C-39003H

3.24.2.1 Group A wnspection. Uhen tested as specified in 4.7 3 or 4.7.25, exponent:

al i
applicable, capacitors shall meet the requirements specified n 3 7 or 3.29. Weibull failure rate Level
requirements of 4.7.25 and 2.29 shall be accepted in lieu of group B inspection data.

or Uayhes
or wei

3.24.2.2 Group B nspection (exponential onty). When tested as specitied in 4.7.20.2.1, capacitors shall meet
the requirements specified 1n 3.24.1.

3.26.2.3 Group C life or extended Life (see 4.6.1.3.2). When tested as specified 1n 4.7.20.2.2, capacitors
shall meet the following requirements

At +25°C:
DC leakage: Shail not exceed the appiicable value specified (see 3.1).
Capacitance: Shall change not more than 210 percent from the value obtained when measured as specified
4.7.7.
Di;:ipa:1on factor: Shall not exceed the applicable value specified (see 3.1).
At +85°C:
DC leakage: Shall not exceed the applicable value specified (see 3.1).
At 4125°C:
DC leakage: Shall not exceed the applicable value specified (see 3.1).
3.25 Funqus (polarized capacitors only, see 3.1). The manufacturer shall certify that all external materials

are fungus resistant or shall perform the test specified in 4.7.21. When tested as specified in 4.7.21,
examination shall disclose no evidence of fungus growth on the external surface.

3.26 Resistance to solvents. When capacitors are tested as specified in 4.7.22, there shail be no evidence of
mechanical damage and the marking shall remain legible.

3.27 Resistance to soldering heat (polarized capacitors only, see 3.1). When tested as specified in 4.7.23,
capacitors shall meet the following reguirements:

DC leakage: Shall not exceed the requirement specified in 3.10.
Capacitance: Shall change not more than 12 percent from the value obtained when measured as specified in
4.7.7.

Dissipation factor: Shall not exceed the requirement specified in 3.12
V1sual examination: There shall be no evidence of external damage

3.28 Ripple current (style CSR21 only). When capacitors are tested as specified in 4.7.24, there shall be no
mechanical damage, intermittent shorts, or permanent shorts or opens, and the capecitors shall meet the following
requirements:

DC leakage: Shall not exceed the applicablc value specified in 3.10.

Capacitance: Shall change not more than 2.0 percent from the value obtained when measured as specified
in 6. 7.7.

Dissipation factor: Shall not exceed the appli

cabl a s
=== -rr- hibaindid i hnd add - -~
ESR: Shall not exceed the applicable value specified in 3.13.
3.29 ueibull FR level grading (in lieu of 3.7). When tested as specified in 4.7.25, capacitors shall exhibit
decreasing failure rate with respect to time as evidenced by a value of beta (f3) uh1ch 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,

PP e Al £ -

capacitors shall meet the following requirements:

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T16:37Z
Check the source to verify that this is the current version before use.



DC leakage:  Shall no' exceed the reguirement specified in 210

Capacitance: Shall be within the tolerance specitied (see 3.1).

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

ESR (style (SR21 only): Shall not exceed the requirement specified (see 3.1).
Capacitors tested as specified 1n 4.7.25 shall be exempt from group A Percent Defective Allowable (PDA) provisions
(see 4.6.1.2); exempt from 3.24.2.2 oroup B inspection (see 4.6.1.3); and exempt from 3.24.2.3 extended lLife (see
4.¢.1.3.23

3.30 Surge current (styles (SR27 and CSR33 only). When testec as specified 1n &.7.26, the capacitors shall
meet the tollowing requirements:

DC leakage: Shall not exceed the applicable value specified in 3.10.

Capacitance Shall be within the tolerance specified (see 3.1).

Dissipation factor: Shall not exceed the requirement specified n 3.12.

3.31.1 Capacitor marking. Capacitors shall be marked in accordance with method I of MIL-STD-1285 and shalt
include the specified information, in the sequence shown, for the applicable case size (see 3.1), as shown in the
following examples:

Example (case sizes A, A1, and B1):

39003 - Military specification number

02 - ™ - Specification sheet number and trademark.

2054 - MNonsignificant dash number and “J" for JAN,

+424 A 2/ - Polarity, date code (first digit indicates year and the next two digits 1ndicate the week), and

lot symbol(s).

Example (case size B):

M39003 - #Military specification number.

m - Specification sheet number.

60074 - Nonsignificant dash number and “J" for JAN.

12345 - CAGE code.

+426 8 3/ - Polarity, date code (first digit indicates year and the next two digits indicate the week), and

Lot symbol(s).

2/ Polarity symbol ¢
depending on t
3/ Polanty symbo

ucpcrvu ng on tn

near the positive terminal and may be placed on either end of the fourth line of type

be De placed

ing orientation with respect to the polarity.

be near the positive terminal and may be placed on either end of the fifth line of type
g

ation with respect to the pelarity

D
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Example (case sizes C and D):

9 Yo' a1

MU - #ilitary specification number.

01 - 63004 - specification sheet number, nonsignificant dash number, and "J" for JAN.
+12 pf 4/ - Positive terminal identifier and capacitance value.

0L 75 v - (apacitance tolerance and voltage rating.

1234° - CAGE code.

9424 AB - Date code, lot code

Example (case sizes W, ¥, Y, and 2):

M3%003 - Mylitary specification number.

0L - 31680 - Specification sheet number, nonsignificant dash number, and "J" for JAN.
.0023 ur - Capacitance value.

10%. 100VNP - Capacitance tolerance and voltage rating, nonpolarized.

9424 AB 12345 - Date code, lot code, CAGE code.

NOTE: There shall be no marking on the capacitor sleeving

3.31.2 Package marking. Ffor Government shipment, all packages shall be marked with the capacitance value,
capacitance tolerance, dc rated voltage, contract number of part (not the package), National Stock Number (NSN),
CAGE code, and the date of packaging.

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

T.31.7 “JAN" and "J" marking. The United States Government has adopted, and is exercising legitimate control
over, the certification marks "JAN" and "J" to indicate electrical equipment, namely, resistors, capacitors,
electron tubes and the like, acquired by, or manutactured for use by, or for, the Government in accordance with
standard Government specifications. Accordingly, capacitors acquired to, and meeting all of, the criteria
specified herein and in applicable specification sheets (see 3.1) shall bear the certification mark "JAN", except
that capacitors too small to bear the certification mark "JAN" shall bear the letter “J". Capacitors furnished
under contracts or orders which either permit or require deviation from the conditions or requirements specified
herein and in applicable specification sheets (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 (see 3.1), the
manufacturer shall remove the "JAN" or "J" from the sample tested and also from aLl capacitors represented by the
sample. The United States Government has obtained Certificate of Registration no. 504,860 for the certitfication
mark “JAN".

3.371.4 Substitution of failure rate levels. A manufacturer may substitute, with procuring agency approval,
failure rate levels in accordance with table 11. Qualified manufacturers may mark exponential failure rate dash
numbers on parts that have been Weibull graded to tevels B, C, or 0. Items having a Weibull failure rate level
(FRL) may be substituted, with procuring agency approval, for items of an exponential FRL as shown in table II.
Parts qualified and marked to lower FRL's, with procuring agency approval, are substitutable for higher FRL's, and
shall not be remarked uniess specified in the contract or purchase order (see 6.2). In the event the failure rate

Llevels are remarked, the date lot codes on the parts shall not be changed and the workmanship criteria shall be
met.

4/ Polarity symbol shall be near the positive terminal and may be placed on either end of the third line of type
depending on the marking orientation with respect to the polarity.

-
]

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T16:37Z
Check the source to verify that this is the current version before use.



ABLE 11. tarlure rate Level substitutability.

] | |
i Parts qualified to | Are substitutable for |
| tarlure rate level i failure rate tevel |
| 1 l
| | |
I I \
: o M, P, R S, B and C |
| C | M, P, R, S, and B f
| B | M, P, R, and S ;
| S | M, P, and R )
] R | Mand P |
| P | ® t
1 { |
i L !

3.31.5 Substitution of capacitance tolerance and rated voltage. Parts qualified and marked to tighter
capacitance iolerance oF higher rated voltage with procuring agency approval, are substitutabte for parts marked
to looser capacitance tolerance or lower rated voltage, provided all other values, such as case size and
terminations are the same. The substitutable parts shall not be remarked unless specified in the contract or
purchase order (see 6.2). 1n the event the capacitance tolerances or rated voltages are remarked, the lot date
codes on the parts shall not be changed and the workmanship criteria shall be met.

3.32 workmanship. Capacitors shall be processed in such a manner as to be uniform in quality when using 2X

minimum 1O 4X maximum magnification. They shal!l be free from cold soldering, harmful corrosion (see 3 .16), pits
minamum 10 SX maximum megnivicatiw TNeY SNaic rom COL ering, narmiul corresion (see 2 107, pis,

cracks, dents, rough edges, and other defects that will affect life, serviceability, or function. Solder on the
surface of the case shall be smooth and unbroken and shall have no pinholes greater than .010 (0.25 mm) or buildup

~4 e PR
o bUlUE’ EXLCE’J'”U l"C de""Um unamencr U l"e unsLeeV! EU case

4. QUALITY ASSURANCE PROVISIONS.

4.1 Responsibility for inspection. Unless otherwise specified in the contract or purchase order, the
contractor is responsible for the performance of all inspection requirements as specified herein. Except as
otherwise specified in the contract or purchase order, the contractor may use his own or any other facilities
cintahla fme tha réfmrmanca ~f *ha inenan > e eM:--‘ ad harasn 1mmiace :heannmu.d hy thae
suitaoie 0T the pervormance Of the un;pc\,\ on |c,\|un ements speCitied herein, uUniess gisapproved Dy ne

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 Responsibility for compliance. 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 quality
program. The absence of any inspection requirements in the specification shall not relieve the contractor of the
responsibility of ensuring that all products or supplies submitted to the Government for acceptance comoly with
all requirements of the contract. Sampling inspection, as part of manufacturering operations, 1s an acceptable
practice to ascertain conformance to requirements; however, this does not authorize submssmn of known defective

matarial eithar indicatad actual ac commit
materiay, eitner

‘
ar A e the finvarnmant ¢
Inagicated of atilual, Nor GOTS 1t commit the Government t

4.1.2 Relhiability assurance program. A reliability assurance program shall be established and maintained in

accoroance H‘ltn MIL-STO- rvu gEvidence of such compliance shall be veﬁneo by the qualifying activity of this

4.1.3 Statistical process control (SPC). An SPC program shall be established and maintained in accordance with
EIA-557. Evidence of such compliance shall be verified by the qualifying activity as a prerequisite for
ifi

quatification and retention of qualification.
A Floscidimatbiomn méd comacmand aom Thc <mamandimne mema-s $smd hamaim moa ~losccsdind aa $allaie-
“-.C LLAaSS i tLalin Ui 1t (2 isa NS INSpPTLLIUNS JPTLITICU IITTTIN are LLlads il ITu ad> 1uliuwo.

a. Qualification inspection (see &4.4). -

[og
o«
"
i]
)
=
2
«
[+1]
b}
=
3
o
2
)
o
-
S
2
«
w
=3
2
2
-
w
o
(2
~
N
Z

c. Quality conformance inspection. (see 4.6).
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4.3.1 (onditions. Unless otherwise specified herein, all inspections shall be performed i1n accordance with the
tesi conditions specifred 1n the “GEWNERAL REQUIREMENTS" of MiL-ST0-20¢2.

4.3.2 Methods.

voitage shall be equal to or less than 1.0 volt root mean squared (rms). for all ac measurements of polarized
capacitors, the maximum dc bivas voltage shall be equal to or less than 2.2 volts.

4.3.2.7 AL measurements. Al measurements shall be made at the frequency specifred. The magnitude of the ac

4.3.2.2 Reference measurements. When requirements are based on comparative measurements made before and after
conditioning, the reference measurements shall be considered the last measurements made at +25°C +5°C prior to

ie e hm el bt of conditioning
LUllul\lulevg Unless reference measurements have been made within 30 uay> Prior to the utgllllllllg [

ulull l()"ll\g,
they shall be repeated.

4.3.3 Power suppily. The power suppiy used for (ife testing shali have a reguiation of 12 percent or iess of
the rated voltage. The power source employed for dc leakage current measurements shall be stabilized to at least
1100 ppm. During measurements there must be no voltage fluctuations of sufficient amplitude to produce a
variation in the current measurement as read with any dc leakage current tester used to test capacitors.

4.4 Qualification inspection (polarized capacitors only, see 3.1 and 30.3). Qualification inspection shall be
performed at a laboratory acceptable to the Government (see 6.3) on sample units produced with equipment and

nearad irac narmal ly o cand Aracdict s an Mintifsratinn annravad Jill ha hacad An ¢tha eiicraceadil ari nf ¢ha
Procegures Rorma Ly used n prooucinen. WUS LI ICalI0N SpPTroVeld Wiil Of 08580 On TNE SuUCCessius \.wlv\:; on o7 tne

tests specified in table 111, and will not be withheld pending completion of the extended life test of 4.4.4.1.1a.

&d to gualific _

4.4.7 Sampie _size. The number O acilors 1o be subject 10 Que ’H'c&n‘v

n the appendices to this specification. Each capacitor style shall be q

4.4.2 Inspection routine. The sampié shail be sub)jected to the inspections specified in tabie III, 1n the
order shown. All sample units shall be subjected to the inspection of group 1. Two sample units shatl be

subjected to the visual and mechanical examination (internal) and 163 samples units (175 sample units for CSR21)

shall be subjected to the remaining inspections of group I1. The 163 units successfully completing group Il
inspggt\_g_n_ chall then he divided ac :na-r\fu-d in table 111 for grouns 111 rhmnh VII (175 unite for csn‘zﬂl

successfully completing group 11 1nspect1ons shall then be divided as spec1f\ed in table 111 for groups 1!1
through VIII), and subjected to the inspectvons for their particular group, for combined-voltage group

Yee sAna anarkh tuma ehall ha amial iy roamcacan

b 3 ahall ha PVl P VOErN
SUBRISSIONS, @3Cn 1ype snaiwt oe WUGLL] lcpvtbtlum N eadn Yivup .
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MIL-C-39003H

TABLE [11. Qualitycation inspection.
| : i |

Inspection | Requirement | Test | Number of ! Number of
| paraaraph i method |sample umits failurec
i paragraph | to be i atlowed 1/
. ! ' 1nspectec |

Group 1 2/ . i f
Thermat shock 3.6 | 4.7.2 P =
Voltage aging 3.7 | 4.7.3 i | ‘ |
Surge current (Styles 13.30 | 4.7.26 | boALL i = Not

CSR21 and CSR33 only) | | | [ umits | i Applicable
Seal 13.8 A A ; 1 i !
Radiographic inspection |3.9 | 4.7.5 | — f ==

(not applicable to | i | !

FRL “M") | w‘ 3 :

I l i |

Group 1! | | I |
Visual and mechanical {3.1, 3.4, and | 4.7.1 i 2 i 0

inspection 3.5 ! ! |

(internal) | | i |
Visual and mechanical 13.1, 3.4, 3.5, | 4.7.1 | — | —

inspection 13.31, and 3.32 | | I | |

(external) 2/ 3/ | | | | | i
DC Leakage 2/ 13.10 | 4.7.6 | =4/ i |
Capacitance 2/ i3.17 P 477 | i \ i
Dissipation factor 2/ 13.12 | ¢.7.8 { | i |
ESR 2/(style CSR21 13.13 [ 4.7.9 [ — [

only) | I i { |
i i | i i

Group 111 | | | | |
Shock (specified pulse) |3.14 | 4.7.10 | — i 1
Vibration, high 13.15 | 6.7.11 i | | |

frequency ! ! Lo
Salt spray (corrosion) 13.16 | 4.7.12 1 | | |
Thermal shock and 13.17 | 4.7.13 ] — ! |

immersion i i 1 | |
! I | .

Group 1V l | I | 1 2/

Solderability [3.18 | 4.7.964 | - | i
Terminal strength 132.19 P 4.7.15 J | ] |
Fungus 13.25 1 4.7.21 | | j |
Resistance to solvents 13.26 L4722 | | | |
Resistance to soldering 13.27 | 4.7.23% ! 12 ! |
heat ! ! | Lo
Moisture resistance 13.20 | &.7.16 | | | |
Sleeving |3.21 | 4.7.17 | — i I
} ! | b
Group V | I | o
Stability at low and 13.22 | 4.7.18 | — | |
high temperatures i i | 12 i i
Surge voltage 13.23 | 4.7.19 | — ! |
I I | | I

Group VI 6/ | | J oo -
Life (at +125°0) 13.24.1 16.7.20.1 | 24 | —

| | | |
See footnotes at end of table.
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MIL-C- 39003H

TABLE 111. Qualhficathon inspection - (ontinued

1 |
I

| f l |
| Inspection | Requirement | Test | Number of Number of |
i i paragraph | method jsampie units | failures i
i | |paragraph |  to be | allowed 1/ !
! l | . _Inspected ; i

< i |
H Group VIT 6/ 1 1‘ i ! |
| \ I ! | |
| Life (at +85°C) [3.264.1 {4.7.20.1 ! 102 ! 1 |
| ! | ': i |
i Group VIII | | [ | |
| I | l | l
jRippie current i i ! i i
| (style CSR21 only) | 3.28 14.7.24 i 12 ! 1 [
| | 1 | i !

/ A samole unit having one or more defects shall be considered as a single failure.

Nondestructive tests.

/ Marking defects are based on visual examination only and shall be charged only for illegible,

incomnlate aor incorract mark sne
wwomplete, or incorrect marking.

4/ The sample size for CSR21 shall be 175 units, and the sample size for all other styles shall be
163. One additional sample unit is included in each sample size to permit substitution for the
tfaitlure aliowsed in groups il thl‘Ough Vi.

S/ This failure shall not be for the shock (specified pulse) or the vibration, high frequency test.

6/ For qualification of design changes only, qualified manufacturers may submit Weibull data in lieu

of groups V1 and Vii test data.

4 4.3 Failures. Failures in excess of those allowed in table 111 shall be

cause for refusal to grant qualification approval.

4L.4.4 Failure rate level and quality level verification.

4L.4.4.7 Failure rate level qualification.

4.4.4.1.7 Exponential. Exponential FR qualification shall be in accordance with the general and detailed
requirements of MIL-STD-690, and the following details:

a. Procedure I - Qualification at the initial FR level. FR level "M" of FRSP-60, Failure Rate Sampling
Procedure (FRSP), shall apply. Sample units shall be subjected to the qualification inspection specified in
group VII, tabie III (see 4.4.2). The entire {ife tests sample shall be continued on test to 10,000 hours
as specified in 4.7.20.2.2 on comoletion of the 2,000-hour quatification test.

b. Procedure Il - Extension of qualification to lower FR levels. To extend qualification to FR level "P", data
shall be limited to each voltage groun within a style; for FR levels "R" and "S", data from two or more

€C ¢ o80T CIR2ge grovp STyLg, Tor xR oLevels

voltage groups within a style of similar construction may be combined.

D-—u-nd.w\- l‘l - Maintan an

_ Mai £ £D laual Aun
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Regardless of the number of production lots produced durmg this period, the specified number of umt hours
shall be accumulated to maintain qualification (see 4.51).

(a]
-
-~
-
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M1L-C-39003H

4.4.4.1.2 Weibull. Weibull fR quatification will be granted only to manufacturers who have achieved R level
"P" for any capacitor style covered by this specification in accordance with 4.4.4.1.1, or by MIL-(-55365. To
extend qualification to include Weibull FR Level, the manufacturer shall demonstrate the capability of Weibull FR
level grading (see 4.7.25) to be quatifying activity. 1f, during two consecutive reporting periods there has been
no production of the lowest Weibull failure rate level for which the manufacturer 1s qualified, the manutacturer
may be required, at the discretion of the qualifying activity, to submit a product ot each style to testing 1n
accordance with the aqualification inspection requirements. Failure to meet this reguirement shall result n a
loss of the manufacturer's failure rate to the {owest failure rate last demonstrated.

4.4.4.2 Quality level verification. The contractor is responsible for establishing a quality system to verify
the PPM defect Level of lots that are subjected to subgroup 2 tests of the group A inspections. The PPM defect
level shall be maintained for each specification sheet. The PPM defect level shall be based on a &-month moving
average. The contractor shall verify and report individual PPM categories (i.e., PPM-2, and -3) and an overall
PPM defect level (i.e., PPM-5).

4.5 Verification of qualification (polarized capacitors only, see 3.1). Every 6 months, the manufacturer shall
compile a summary of the results of quality conformance inspections and, where applicable, extended FR test data,
n the form of a verification of qualification report, and forward 1t to the qualifying activity as the basis of
continued qualification approval. In addition to the periodic 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 qualified FR Level. Continuation shall be based on evidence that, over the 6-month pcriod, the
following has been met:

a. Vverification by the qualifying activity that the manufacturer meets the requirements of MIL-STD-790.

b. The manufacturer has not modified the design of the i1tem. Change n aesign includes, but 1s not lLimited
to, any change of materials or processes.

¢. The specification requirements for the 1tem have not been amended as to affect the character of the item.

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

e. Requirements for group C are met.

f. The records of all FR tests combined per style substantiate that the "M" or "P" FR level has been
maintained.

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

h. 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., PPM-2 and PPM-3) and the
overall PPM defect rate (PPM-5). This information shall be submitted on a specification sheet basis.

15
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weibult{ qrading failure rate summary.

TABLE 1V.
Manufacturer MIL style Voltage stress level (graded/rated)
Location CSR13 CSR9 39003 acceleration factor
CSRO9 CSR33
Military style ~ . CSR23 CSR27
Company styie
Weirbull Nom. | Rated |Quantity| Date Xq X5 Xz EOT |Beta| FRSP 2 FRL
inspection | Cap de started [ started total -90 | %/ | being
Lot Yaliin Al e Aradad | aradina Aara data data real khre) ! tested
LU vailuc vuUl Lo i aucu Hiouiing wawa TG uGLG LA~ AN ALEAERS AN B SR
number hours to
Hours ] Fails | Hours ! Fails tHours] Fails

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T16:37Z
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1f group ( requirements were not met and the manufacturer has taken corrective action satisfactory to the

Government, the lGl"wE‘ll’ulng of the verification of quallf‘u‘,af‘u’}ﬁ report may be df{ﬁ“y‘% until within 30 days after
completion of retesting of the periodic quality conformance tests. In this case, the qualifying activity shall be
rnotified of this condition within the time that the original verification of qualification report was due. All

reports shall be certified by a responsible company official. The quatitying activity shall be contacted for the
report format.

1f group ( test requires a comparison of "post-test” readings with initial readings (delta measurements), the
verification of qualification summary shall 1nclude the maximum ano minimum gelta changes for each inspection lot.
For (1fe testing, delta C readings shall be reported at each interval in which readings are taken

Failure to submit the report within 30 days after the end of each 6-month period may result in loss of
qualification for the product In addition to the periodic submission of inspection data, the supplier shall
immediately notify the qualifying activity at any time during the 6-month period that the inspection data
indicates failure of the qualified product to meet the requirements of the specification.

In the event that no production occurred during the reporting period, a report shall be submitted certifying that
the company stili has the capabilities and facilities necessary to produce the 1tem. If during three consecutive
reporting periods there has been no production, the manufacturer may be required, at the discretion of the
qualifying activity, to submit a representative product of each style to testing in accordance with the
qualification inspection requirements.

4.6 Quality conformance inspection.

4.6.17 Inspection of product for delivery. Inspection o

inspections for nonpolarized units and groups A, 8 (if apply able see 3.1), and C inspections for polarized
units. However, shipment need not be held pending the results of group C tests.

4.6.1.1 Lot definitions.

4.6.1.1.1 _Exponential distribution Inspection Lot. The exponential distribution inspection lot shall consist

of capacitors of the same style from the same production line or lines, of the same basic design, produced under
essentially the same conditions, and offered for inspection during @ single work week. Styles CSRO9 and CSR13 may
be combined for maintenance of FR levels "“R" and "S. Each style must be maintained to at least the "P" level.

Toral hmiine $an b nad laale WDH An HCH onmnds s Pinne ~Af raca oirac amd unltana
Total hours for both alyu:a combined muist Ju:\.ll] FR levels "R" o S". (ombinations of case sizes axd

voiiages
within a style that may be combined to form a Lot are shown in table V.

4.6.1.1.2 txp@r’\éﬁfiél distribution pr‘ouutfi()ﬁ tot. The exponentiatl distribution pféuucum Lot shall consist
of all capacitors of the same style, voltage.rating, and nominal capacitance value. The manufacture of all parts

in the lot shall have been started, processed, assembled, and tested as a group. Lot identity shall be maintained
throughout the manufacturing cycle.

4.6.1.1.3 wWeibull distribution inspection/production {ot. The Weibull distribution inspection/production lot
shall consist of capacitors of the same style, voltage rating, design, and nominal capacitance value produced in
the same case size. HManufacture of all parts in the (ot shall have been started, processed, assembled, and tested
as a group. Lot identity shall be maintained throughout the manufacturing cycle. All anodes shall be fabricated
from a single identifiable powder lot.
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TABLE V. voltage groups.

| | [ ! {
| Style | voltage | Case size | voltage range |
i | group | 1 !
| | | | \
( ! ! | volts !
| CSRO9, | 1 ! A and B; A1 and B1; W and X | 6 through 35 |
| CSR13, | 2 | Cand D; Y and 2 | 6 through 50 |
| or | 3 | A and B, A1 and B1; W and X i 50 through 100 |
| CSROT | 4 | CandD; Y and 2 | 75 and 100 |
| | i i !
| ! ! [ |
{ CSR23 | 5 | Aand B | 6 through 20 |
| or i 6 j Cand D | 6 through 20 |
| CSR33 | 7 | A and B | 35 and 50 |
| 1 8 |CandD | 35 and SO |
| | 1 J |
| | | | |
| CSR21 | 9 | Cand O | 6 through 20 |
! | 10 | ¢ and D | 35 and S0 |
| | | I i

4.6.1.2 Group A inspection. Group A inspection shall consist of the inspections specified in table VI or VII,
and shall be made on the same set of sample units, in the order shown.

4.6.1.2.1 Subgr 1 tests.

L A1 2 1 1 Exnonant i

Cuhmeruin 1 ta
£.86.0.2.1.7 exponent e

al

al. Subgroup 1t

product supplied under trns specification. Capa

lot. If, during the 100 percent 1nspectwn screening requires that more than
< -

Jis_“JAJ o @ oAb 2o A f Ll

carded due to catastrophic or dc leakage failures, the entire lot shatl be r

| ha narfarmad An a2 nradicrs
v O PRTICIWMEG O o prslhul

Int haciec an 1) nercant nf the
Y ACT D388 On U percent of Ine

1 shall be removed from the
cent of the capacitors be
>

4.6.1.2.1.2 Weibull. Subgroup 1 tests shall be performed on an mspecnon/product'lon lot s .6.1.1.
on 100 percent of the product supplied under this specification. Requirements for the infant mortality period an
veibull failure rate level grading shall be in accordance with 4.7.25.

4.6.1.2.1.3 Manufacturer's production inspection. If the manufacturer performs tests equal to or more
ri t than those specified in subgroup 1 of table VI and VII, subgroup 1 of group A inspection may be waived
and the data resulting from the manufacturer's production tests may be used instead as the final step of this
production process. Authority to waive the subgroup 1 inspection shall be granted by the qualifying activity

£ ] ~es .« 13y

1 % a 4

1 comol iad with-
Lt o plied with:

a. Tests conducted by the manufacturer during production shall be clearly identical to or more stringent than
that specified for subgroup 1. Test conditions shail be equai to or more stringent than those specified for
subgroup 1.

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

c. 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 or more stringent than that specified herein.

e. The manufacturer shall make available all information concerning the test procedures and instrumentation
used in his production tests. This data shall be provided as part of the evaluation required for

MIL-STD-790. The manufacturer shall also make avaltable to the Government all records of all detail test
data resulting from the production tests.

f. Once approved, the manufacturer shall not change the test procedures or criteria without prior notification
and concurrence of the qualifying activity.
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TABLE Vi. Group A inspection (exponential distribution).

I

| i |

Inspection |Requirement | Jest | Sampling procedure |

| paragraph | method | [

| iparagraph | I

| | : |

| : ;

Subgroup 1 | | | '
Thermal shock ! 3.6 {472 | — :
voltage aging | 3.7 [ 4.7.3 ¢ I !
i Surge current (styies i 3.30 | 4.7.26 | i i
CSR21 and CSR33 only) 1/ | | | - 100% inspection 3/ |
seal 2/ | 3.8 | 4.7.4 ! | |
Radiographic | 3.9 b4.T. L |
inspection 2/ i | | |

! ! | j

Subgroup 2 (PPM) | I | |

I | i I

DC leakage (PPM-2) ! 390 | 4.7.6 | — |
Capacitance (PPM-2) | 3N | 4.7.7 | | |
Dissipation factor | 312 | &«.7.8 | | !
(PPM-2) | | | ! I

| Equivalent series | 3.13 | 4.7.9 | — See table VIII f
resistance (ESR)(style | | ! i i
CSR21 only) (PPM-2) | | | | |

| Mechanical examination | 3.c 47 b :
(PPM-3) | I ! !

I | ! |

sz |
Visual examination | | | |
Materials | 3.4 | 4.7.1 | — |
Physical dimensions | 31 | | }-- 13 samples |
Marking | 3.3 | | | 0 failures |
Workmanship i 3.32 | | — |
I | ! |

el F | | |
Stability at low and | | i 13 samples |
high temperatures i 3.22 i 4.7.18 | 0 faiiures i

I I | I

Subgrouwp 5 2/ | | | !

| | | 13 samples |

Surge voltage | 3.23 | 4.7.19 | 0 tfailures |
| | | i

Subgroup 6 ! l [ [

| | | 13 samples |

Solderability | 3.18 | 4.7.16 | 0 failures |
| | { |

1/ 5 percent PDA applicable to failure rate levels P, R, and S only.
2/ Not applicable to style CSR91.

3/ 5 percent PDA not applicable to radiographic inspection.

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T16:37Z
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TABLE VII.

MIL-(-39003H

Group A 1nspection (Werbull distribution)

! |
Inspection |Requirement | Test | sampling procedure
| paragrapn | method |
| iparagraph |
| | |
| :
Subgroun 1 i ! :
l | i
Thermal shock | 3.6 [ 4.7.2 | -—4
Surge current (styles | 330 | 4.7.26 | !
CSR271 and CSR33 only) | | ! |
Li1fe (accelerated | 3.29 | 4.7.25 t- 100
faiiure rate) i i i | inspeciion
Seal 1/ ! 3.8 | 4.7.4 | io2/
Radrographic i 39 | 4.7.5 P—
nspection 1/ 3/ | | |
| | |
1 I 1
Subgroup 2 (PPM) | | |
| l |
DU teakage (PPM-2) i 396 | 476 | —
Capacitance (PPM-2) | 3N | 477 | i
Dissipation factor | 312 | 4&.7.8 | |
(PPM-2) i i i i
Equivalent series | 313 | 479 | i— See table VIII
resistance (ESR) i | i |
(Style CSR21 only) (PPM-2) | | | i
Mechanical examination i 3.5 | 4.7.1 | —
(PPM-3) | - j |
! | i
Subgroup 3 | | |
| | |
Visual examination | | |
Materials | 3.4 | 4.7.1 | —
Physical dimensions ! 31 ! - 13 samoles
Marking | 3.3 | | 0 failures
workmanship | 3.32 | | —
] 1 {
| | |
Subgroup 4 1/ | | |
! | |
Stabiiity at low and i 3.22 | &4.7.i8 | i3 samples
high temperatures | ! ! 0 failures
l | l
Subgroup 5 i | [
| | |
Solderability i 318 | 4.7.14 | 13 samples
] i | 0 failures
i I i

i =
NN N

ar

Not applicable to style CSR91.

Exempt from PDA; rejects shall not be delivered on the contract or purchase order.
Not apblicable to Ueibull graded units marked vith exponential M-level FR dash numbers.
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TABLE VIII. Sampling plans for PPM categories.

| | |
| Lot size | Sample size |
{ I |
I | |
| 1 - 125 | 100 percent |
I 126 - 3,200 | 125 units |
| 3,201 - 10,000 | 192 |
| 10,001 - 150,000 | 294 |
|150,001 - 500,000 | 345 |
1500,001 - up { 435 !
! | |

4.6.1.2.2 Subgroup 2 tests (PPM categories).

4.6.1.2.2.1 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 VIII based on the size of the inspection iot. in the
event of one or more failures the Lot shall be rejected. Equipment and operators used to perform the subgroup 2
tests shall not be the same as those used in the subgroup 1 100 percent tests.

4.6.1.2.2.2 Rejected lots. The rejected lot shall be segregated from new (ots and those lots that have passed
inspection. The rejected lot shall be 100 percent inspected for those quality characteristics found detective in
the sample and any defectives found shall be removed from the lot. A new sample of parts shall then be randomly
selected in accordance with table VIII. 1f one or more defects are found in this second sample the lot shall be
rejected and shall not be supplied to the specification.

4.6.1.2.2.3 PPM calculations. PPM calculations shall be based on the results of the first sample check as
prescribed in 4.6.1.2.2.1. Calculations and dats inclusion shall be in accordance with EIA-554. (Note: PPM
calculations shall not use data on the second sample submission.)

4.6.1.2.3 Subgroups 3 and 4 tests. Subgroups 3 and 4 shall be performed on an inspection lot basis. Sampling
inspection shall be in accordance with table VI or table VII.

4.6.1.2.3.1 Rejected lots. The rejected lot from either subgroup shali be segregated from new lots and those
lots which have passed inspection. If a lot is rejected, another 13 samples shall be inspected. If the second
sample Lot has one or more failures, the entire production Lot shall be rejected and shall not be delivered on the
contract or purchase order.

4.6.1.2.4 Subgroup 5 test (exponential only). Subgroup 5 test shall be performed with 13 units from the
subgroup 3 or 4 tests, with no failures aliowed.

4.6.1.2.4.1 Rejected lots. The rejected lot shall be segregated from new lots and those lots which have passed
inspection. If a lot is rejected, another 13 samples shall be inspected. If the second lot has one or more
failures, the entire production lot shall be rejected and shall not be delivered on the contract or purchase
order.

4.6.1.2.4.2 Disposition of sample units. Sample units wvhich have been subjected to subgroup 5 shall not be
delivered on the contract or purchase order.

4.6.1.2.5 Subgroup 6 (exponential only) or subgroup 5 (Weibull only) (solderability).

2 £ A B3 € 4 Canml o =l o 'I'Li-_-—--— -
8.0.1..0.1? EE\' ﬂ El’l. mrweom ml‘: s‘“‘.\

o
v
4.6.1.1.1, and subjected to the solderability test. The manufacturer may use electrical rejects from the subgroup
1 screening tests for all or part of the suples to be used for solderability testing. 1f there are one or more
defects, the lot shall be considered to have failed.

selected randomly from each inspection lot, as defined in

21

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T16:37Z
Check the source to verlfy that thls is the current version before use.




MIL-C-39003H

4.6.1.2.5.2 Rejected iots. If there are one or more defects, the 1nspection lot shall be rejected. The
facturer may use one of the following obtions to rework the Lot:

a. Each production lot that was used to form the failed inspection lot shall be individually submitted to the

coldarahil ity tect ac raniiirad 1n 4L &4 1 2 € 4 Brodurtinn lorte that nace tha enldarabhil ity tact ara
SOLGETE0TLIly (851 &85 requUiIred 1N 4.0, 1.c.2. 0. FTOOUCTION GIS Inal Pa5S 1Nt S0GeraoiLily (85t &are

available for shipment. Production lots failing the solderability test may be reworked only if submitted to
the solder dip procedure in (b).

b. The manufacturer shall submit the failed lot to a 100 percent solder dip using an approved solder dip
process 1n accordance with 3.5.2.1.2. Following the solder dip the electrical measurements required in
Group A subgroup 7 tests shall be repeated on 100 percent of the {ot. The Percent Defective Aliowabie (PDA)
for the electrical measurements shall be as for the Subgroup 1 tests. (NOTE: 1f radiographic inspection and
hermetic seal are required in the group A, subgroup 1 tests, these tests shall be repeated.) Thirteen
additional samples shall then be selected and subjected to the solderability test with zero defects allowed.
1f the lot fails this solderability test, the Lot shall be considered rnierted and shall! not be furnished

against the reqguirements of this spec1hcatlon.

L &A1 28§ % Disnosition of samnlasg Tha enlAdarahil ity taet e rancidarad =
£.6.1.2.5.3 Disposition of sasples. The scldersbility test is considered &
destructive test and samples submitted to the solderability test shall not be supplied he contract

4.6.1.3 virtup o lnapcl.uun \puul rized unit
test specified in table 1X, and shall be made
group A (subgroups 1, 2, and 3) inspections.

TABLE IX. Group B inspection.

[ | |
{ Ingnection Raniiiremsnt | Test method |
1 bl LA A T IS i
| | paragraph | paragraph |-
| J | |
i ! [ i
| Life (at +85°C) | 3.24.2.2 | 64.7.20.2.1 |
| | | |
4.6.1.3.1 Ssmoling plan. A sample shall be selected at random from each inspection Lot 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 quahty

conformance |ife tect chall he ac snecified herein Tha datas qualit

— v PEST SR X% SPOCTTITU T eIn. e GULS ST S

with the following details and exceptions, shall apply:

v STD-&
y &N SIVvTURY,

§ mt oma ] Do 1N .~
I

&. Lot sampLing. 1
b. Duration of lot conformance FR test: 240 hours.

c. Failure criteria: As specified in 3.24; one failure per lot.

2 one ratud oe

d. Permissible combination of voltage rating and case size: As specified in 4.6.1.1.1.

e. Disposition of samples and inspection lot: Sample units which have been subjected to group B inspection may
be delivered on the contract or purchase order provided they are 100-percent inspected to verify that they
wmeet all of the requirements listed in table Vi, subgroup 3, and that the dissipation factor, capacitance,
dc leakage, and ESR (when applicable) are within the initial limits as specified (see 3.1). The inspection

Lot may be shipped on completion of Lot conformance FR test.

Even though the Lot has been rejected, those units in the Lot vhich were predesigna

shall remain or be placed on test for the full length of time.
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4.6.1.3.2 Extended life. In addition, a mimimum of 10 units shall be selected at random from each inspection
lot and subjected to the extended (1fe test specified wn 4.7.20.2.2. The manufacturer may increase this sampie
size if desired in order to develop the necessary number of units hours of data for maintenance or extension of
qualification. The sample size may vary over the minimum from lot to lot at the manufacturer's option. The umits
selected for the extended Life test may be from those subjected to group B inspection or from other units in the
Int In any cace the units 1o be cubiectad to the axtended |ife test chall be nredesignated before any tife

O, Aty @ity (@S¢, 1N UNTiS 0 O SUD TS0 0 Nt OXRCIRST vy LOST Snaty O prodes1gneiel X

tests are initiated. The extended Life test may be initiated periodically with units accumulated from each lot,
or may be initiated on a lot-by-lot basis. The units selected for extended life test from each lot shall be
representive of the capscitance values, case sizes, and voltages ncluded in the (ot to the maximum extent
possible. 1In any case, over the production period covered by the maintenance of qualification requirements, the

data shall be representative of the case sizes, voltages, and range of values produced.

4.6.1.3.3 Failure in group B inspection. If an inspection (ot 1s rejected as a result of failure to pass
group B inspection, the lot shall not be resubmitted. Even though the lot has been rejected, those units which
were predesignated for extended Life testing shall remain or be piaced on test for the full iength of time.

4.6.2 Periodic inspection. Periodic inspection shall consist of group C inspection. Except where the results
of these inspections show noncompliance with the applicable requirements (see 4.6.2.1.3), delivery of products
e nf

whirh have nacead Armiine 4 and B snenastinne chall Aat ha Adal aved rendsna 'M racol thaca MF!M\
WITTLIV TRIVE PESITU Y Uups A @R U HTISPRLL RIS J1LL TRJL UT UTLGyTU poiriiing s TToult URRST PTG
inspections.
Y ol Py S e e o P W I ey P S . Y B ‘_‘—‘_ -~ e @bl ol
.O ‘.l Lvroup L lnspecnon D’“lp IHSPCC(‘Im snati CW\SIS[ 0! e (esLs speculcu n tavwle A, I e orger

shown. Group C inspection shall be made on sample units selected from inspection lots which have passed the
group A inspection for nonpolarized units, and Weibull distribution inspection/production lots, and groups A and B
inspections for polarized units (exponential distribution inspection Lots).

4.6.2.1.1 sampling plan.

L 6.2.1.1.1 Polariz units. There

Ple iy N I rolariIeC Un L4l

{L be 48 samnle units of each ¢

< stvl
shall De 48 sample un Y styl

e S units
from production every 2 months and subdivided as specified for subgroups 1, 2, 3, and 5 of table X and sub)ected
to the tests specified in those subgroups, in the order shown. The maximum and minimum case sizes mfactured
during those months shall be represented in at least the spproximate retio of production, except for subgroup 1.
The sample for subgroup 1 shall be composed of a minimum of three pieces of any one case size, and all case sizes
shall receive subgroup 1 testing at Least once during the six-month reporting period. Allowable failures shatl be

as specified in tabie X.
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TABLE X. Group € inspection.

| !

| , | , I
| Inspection |Requirement | Test | Number |Number of |
i | paragraph | method | of | faiiures ]
| ! | paragraph  |samples |allowed |
l L _l ? ! !
| | | | | I
1 Sharaun 1 | 1 | { {
| o | ! ! i !
|

| Shock (specified pulse) | 3.1 j 4.7.10 [ — | — ]
| Vibration, high frequency i 3.15 | 4.7.11 i 12 | | i
| salt spray (corrosion) | 3.16 | 4.7.12 | | | | |
| Thermal shock and immersion | 3.17 | 4.7.13 | —- | | |
i i l l i 1
| Sisharounn 2 | | | | { |
I S T = i ] i 1 ] 1
| Terminal strength | 3.19 | 4.7.15 | — | [ A VA
| Resistance to solvents | 3.26 | 4.7.22 | | | | |
| Baciatmmas ¢~ omladanios bhaxe | 2z 27 | 2 7 »t ! L1211 1 |
| RESISToNCE 1O SOWering U | 3.éid | .75 i ™ € | i I
| Moisture resistance | 3.20 | 4.7.16 | | | | |
| Sleeving | 3.21 | 4.7.47 | — | | |
i i i ! [ |
| Subaroun 3 | | | | | |
I !

| Life (at +125°C) | 3.24.2.3 | 4.7.20.2.2 | 26 | — |
| i i i i i
| { i i i i
l Subgroup &4 2/ l I | | |
! [ | | | i
| Salt spray (corrosion) i 3.16 | 4.7.42 i 6 i — i
| Resistance to solvents | 3.26 | 4.7.22 | 6 I -0 |
! | l I | — |
| Subgroup 5 I [ ! [ I
| Diownla sisnmant (FCDI1 Anlu) 1 20 | £ 7 24 1 12 | b 1 1
l r\lwtc MUTTETIL \VvonG | ul\,l | x4 I .7 .5 I " l 1 l
| e | I | I S l

i/ Tms failure shall not be for the shock (specified puise) or the vibration, high frequency test.
2/ Nonpolarized capacitors only, see 3.1.

4.6.2.1.1.2 Nonpolsrized units. There shall be 12 sample units of style CSRI1 taken from production every 2

months that style CSR91 is produced, subdivided as specified in subgroup 4 of table X, and subjected to the tests

es
specified in that subgroup, in the order shown. The maximum and minimum case sizes manufactured during that 2-

month period shall be represented in the sample in at least the approximate ratio of production. No failures are

allouad
SLOwel.

4.6.2.1.2 Disposition of sample units. Sample units which have been subjected to group C inspection shall not
be delivered on the contract or purchase order.
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4.6.2.1.3 Noncompliance. 1f a sample fails to pass group C inspection, the manufacturer shall notify the
qualifying activity and cognizant inspection activity of such tailure and take corrective action on the materials
or processes, or both as warranted, and on ali units of product which can be corrected and which are menufactured
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 been 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 tfailed, at the option ot the
qualitying activity). Groups A and B inspections may be reinstituted;, however, final acceptance and shipment
shall be withheld until the group C inspection has shown that the corrective action was successful. In the event
of tailure after reinspection, information concerning the failure shall be furnished to the cognizant inspection
activity and the qualifying activity.

L & T Yoema Tha
4.6.5 Inspecty jon of poukaglng Inc Sampi
n ac

shall be i

4.7 Method of inspection.

4.7.1 Visual and mechsnical inspection. Capacitors shall be examined from a distance of 6 inches in normal
room lighting and without the aid of magnification to verify that the meteriais, design, construction, physicat
dimensions, marking, and workmanship are in accordance with the applicable requirements (see 3.1, 3.4, 3.5, 3.3,
and 3.32). 1f closer examination is required, the capacitors shall be examined at no greater than 4X
magnification.

4.7.2 Thermal shock (see 3.6). Capacitors shall be tested in accordance with method 107 of MIL-STD-202. The
following shall apply:

a. Special mounting: Not applicable.

5. 7
c. Measurements before and after cycling: Not applicable.

4.7.3 vVoltage aging (exponential only) (see 3.7). Capacitors shall be placed in & suitable test chasber
maintained at +85°C and shall be subjected to the applications of a minimum of rated dc voltage for a minimum of
40 hours, except nonpolarized capacitors (see 3.1) shall be tested for 20 hours, minimm, 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 not more than 3 ohms under any operating condition. (apacitors shall be removed
from the chamber, stabilized at room ambient conditions (see 4.3.1), and the dc leakage, capacitance, dissipation
factor, and ESR (CSR21 only) shall then be measured as specified in 4.7.6, 4.7.7, 4.7.8, and 4. 7.9, respectively.

neasured speci 6, &.7.7 respect
4.7.4 Seal (polarized capacitors only, see 3.1) (see 3.8). Capacitors shall be tested in accordance with

mathod 112 ~é MY _CTNH_MD Tha $al il ricon datas]l mnd avrcantsinn chall annlo-

WCURAS 11L& VI NALToIvVTow . IS IVLLWVUwW T UTL@ it @I/ TALTYPL W Sl @y

a. Test condition letter: A, D, or equivalent.
b. Examination after test: Not applicable.

This test may be accomplished prior to the addition of the sieeve.
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4.7.5 Radiographic inspection (polarized capacitors only, see 3.1) (not applicable tor FR Level "M") (see 3.9).
Capacitors shall be tested in accordance with method 209 of HIL-570-202. The following details shall apply:

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

b. Image-quality indicator: An 1mage of the penetrameter shall be included on each radiograph. The
penetrameter may be made from a sample capacitor, of the same style as the capacitor being radiographed,
with an AWG number 4B copper, gold, or tungsten wire mounted across the capacitor body, or it may be
fabricated in accordance with, or be equwalent to, the example in figure 1.

Positions of spec‘."*ﬂ. One "1‘5!‘.3 at 90° rotation wrp{nndi'rul‘z to the l\w’:thu'—“

exceed 10 percent, X-ray shall be performed in two planes for all subsequent lots. The manufacturer may
return to one-plane testing when three sequential lots meet the 10 percent failure rate.

a2l axis. If fatlures

(2]

d. Evaluation of images:

equipment: #Magnifying glass.
(2) HMagnification: 10X.

(3) Defects to be sought in specimen: As specified in 3.9.
Examples of acceptable parts, and minor and major defects are shown in figures 2 through &,
respectiveiy.

4.7.6 DC lLeakage (see 3.10). DC leakage shall be measured using the dc rated
voltage 12 percent at the applicable test temperature (see 3.1), after a maximum electrification period of S
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 regulated power supply, shall be used. Measurement
accuracy shall be within $2 percent or .02 microampere, whichever is greater (see 4.3.3). For nonpolarized

ranar\?nr: meacurements shall he made in both dire

rac
capacilor |measurements 2L L COLN CIreLiions.

4.7.7 Capacitance (see 3.11). Capacitors shall be tested in accordance with method 305 of MIL-STD-202. The
following details shall apply:

a. Test frequency: 1,000 £100 Hz for CSR21 only and 120 5 Hz for all other styles.

b. Limit of accuracy: Measurement accuracy shall be within 2.0 percent of the reading for 10 and 220
percent capacitance tolerance items and +0.5 percent of the reading for t5 percent capacitance tolerance

c. Magnitude of polarizing voltage: Unless otherwise specified (see 3.1), maximum dc bias shall be 2.2 volts
for ali ac measurements. The magnitude of the ac voltage shall be Limited to 1.0 volt rms.

4.7.8 Dissipation factor (see 3.12). The dissipation factor shall be measured at the frequency specified in
4.7.78, by means of a polarized capacitance bridge. The inherent accuracy of the measurement shall be z(2 percent
actual value +0.001).

4.7.9 Equivalent series resistance (ESR) (style CSR21 only) (see 3.13). The ESR at the applicable temperature
shall be measured directly or determined from measurements obtained from a bridge. The following details shall
apply:

a. Test temperature and toierance: +25°C 25

b. Test frequency: 100 kHz %5 kHz.

c. Limt of accuracy: Measurement accuracy shall be within 25.0 percent of the reading
d Magnitude of polarizing voltage: Unless otherwise specified (see 3.1), the maximum dc bias shall be 2.2
volts for all ac measurements. The magnitude of the ac voltage shall be timited to 0.5 volt rms maximum.
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FIGURE 1. Image quality indicator (optional).
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MIL-C-39003K

Table of vmage quality indicators
Tinnetean Uire dismatarc | mard nartirle Aiameatore Qraal
Tungsten vire diameters Lead particle digmeters Steel
shim
A B C D E F G H 1 J K L stock
.002 001 .0005 .0005 .001 .002 .015 .010 .008 .006 .004 .0a2 None
(0.05) (0.03) ] (0.013) | (0.013)| (0.03) (0.05) (0.38) (0.25) (0.20) (0.15) (0.10) (0.05)
" “ " ” n 1] " " " " " " .mz
(0.05)
" " " “ " " " " " " " " %
(0.13)
" " " n " " " " " " " " 'm7
(0.78)
.003 .0 .001 .00 002 .003 " " " " " " 010
{0.08) | (0.05) | (G.03) j (0.03) § (0.05) § (0.08) {0.25)
.003 (0,074 om 0 002 .003 " " " " " " .015
Fdalia -2 'dal s 4% M NI rdalEat & YZa o Y N NON 7 20N
\U.VO ) \v.u2) V.o \U.uay \v.uoy \V.woy \U.20/
.005 003 0az .002 .003 005 " " " " . " .Q25
0O 1Y) N NRY Mm NSy [0 NN O N\ m 4T M L1\
\W. 127 AR \W.wsJ \WV.JsJ \NV.wIy \W. 12/ \J. U
.005 003 002 002 003 005 " " " " " " .035
{0.12) | (0.08) | (0.05) | (0.05) | €0.08) | (C.1%) 0.8
NOTES:
1. Uimensions are in inches.
2. Metric equivalents are given for general information only.
3. Metric equivalents are in parentheses.
4. Wires to be tungsten, shim stock to be carbon steeL particies to be iead. (enter section to be .725 (3.8

19,1

~ O

wm) layers of clear acrylic plastic, bonded with clear plastic cement of low X-ray density. Fasteners may be
used within .250 (6.35 mm) or less from each corner, but shall not interfere with end use of the penetrameter.
Bottom surface shall be flush.

All dimancione choam are + (NS (0D 13 ;m) excant uiree and chim ctock wvhich chall ha uithin ctandard mil
.oALy CImensIons shown are T U000 VLo n 1928 es anc [N

-, TXLT LR i Stirm SWOLR, Wil Sireity OF Witiitl Suaineas u ma

tolerances, and Lead particles which shall be : 0002 (0.005 mm). Groove details are not critical except that
wire must be embedded flush or below surface of plastic and centered at {ocation shown. Particle-hole sizes
are not critical, but should not exceed .031 (0.79 wmm) in diameter and depth, and must be centered as shown
within £.005 (0.13 mm).

. Additional layers of shim stock may be used as necessary.
. ldentitication marking shail be permanent and legibie. iocation and size of character 1s not critical but

shall not interfere with or obscure the radiographic image details.
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FIGURE 2. Acceptable parts.
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NOTE: Voids in the anchor solder are permitted as long as each side 1s supported by at least 40 percent coverage
of the anode length.

FIGURE 3. Minor defects - acceptabie.
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Solder balls are particles are rejectable if they are .01 (0.3 mm) or larger in the largest dimension.
Minimum solder fill shall not be less than one (ead diameter, exclusive of voids. The top of the fill may
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wicking angle to the lead wire and tubelet shall be positive. Solder shall not extend below the tubelet
inside the component.

N

30

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T16:37Z
Check the source to verify that this is the current version before use.



4.7.

MIL-C-390031

10 Shock (specified putse) (polarized capacitors only, see 3.1) (see 3.14). (apacitors shall be tested in

accordance with method 213 of MIL-STD-202. The following details and exceptions shall apply:

. Measurements and electrical loading during shock:
Ol

Special mounting means: Capacitors shall be rigidly mounted on & mount fixture by the body. (Potting

compounds may be used to secure the capacitor body as long as the compound does not support the teads.)

Leads shall be secured to rigidly supported terminals, so spaced that the length of each iead from the
r-nn.nr\'nr 1 nm;srny\mfplv 375 (9.52 mm) when -\pnxnrnd from the edﬂf- of the sunoort’ma terminal. Leads

natle |seasured SUDDO

shall be within 30° of being parallel. when securing leads, care shall be taken to avoid
pinching the leads.

Test condition tetter: 1 (100 g peak).

vuring
intermittent contact or arcing, or open- or short-circui
sensitive to detect any interruption with a duration of
appiied to the capacitors during the test.

g the te se i E mi
ting. Detec ing equipment shall be sufficiently
0.5 ms or greater. The dc rated voltage shall be

. Examinations after test: Capacitors shall be visually examined for evidence of arcing, breakdown, and

mechanical damage.

4.7.17 vibration, high frequency (polarized capacitors only, see 3.1) (see 3.15). Capacitors shall be tested
in accordance with method 204 of MIL-STD-202. The following details and exceptions shall apply:

b.

©

b.

4

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

N
(<4
[}

Electrical load conditions: During the test, the specified
the capacitors.

. Test condition letter: 0 (20 g).

. Duration and direction of motion: Ffour hours in each of two mutually perpendicular directions (total of 8

hours), one parallel and the other perpendicular to the cylindrical axis.

. Measurements during vibration: Electrical measurement shall be made to determine intermittent operation, or

open- or short-circuiting for the duration of the last cycle Detecting equipment shall be sufficiently

sensitive to detect any 1nterrupt1on with a duration of 0. S ms or gf‘éitéf.

. Measurements after vibration: Not applicable.

lly examined for evidence of mechanical damage.

Application salt solution: S percent.

Test condition Letter: B (48 hours).

. Measurements after exposure: Not applicable.

Examinations after test: Capacitors shall be visually examined for evidence of corrosion or other defects
that will affect Llife or serviceability.

.7.13 Thermal shock and immersion (polarized capacitors only, see 3.1) (see 3.17).

(v
N
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4.7.13.1 Thermal shock. Capacitors shall be tested in accordance with method 107 of MIL-STD-202. The
fotlowing details and exceptions shall apply:

a. Conditioning prior to first cycle: 15 minutes at the inspection conditions specified in 4.3.1.

b. Test condition letter: B.
c. Measurements before and after cycling: Not applicable.

4.7.13.2 1lmmersion. Following temperature cycling, capacitors shall be tested in accordance with method 104 of
MIL-STD-202. The following details and exceptions shall apply:

a
S.

-t
o
[
-
i
oy
-
-
8
—
o
-
-
o
-
m

b. Measurements after final cycle: Within 30 minutes after removal from the final immersion bath, the dc
leskage, capacitsnce, and dissipstion factor shall be measured as specified in 4.7.6, 4.7.7, and £.7.8,
respectively.

c. Examination after test: Capacitors shall be visually examined for evidence of corrosion, mechanical damage,
and obliteration of marking.

4.7.74 Solderability (polarized capacitors only, see 3.1) (see 3.18). (Capacitors shail be tested in accordance

with method 208 of MIL-STD-202. The following details shall apply:

Number of terminations of each part to be tested: Two, as follows:

1. Negative leads: 0.125 ¢£.025 (3.18 £0.64 mm) from end of case.

2. Positive leads: 0.125 £.025 (3.18 +0.64 =m) from the point of "clean lead" emerging from the seal
eyelet
4.7.95 Terminal strength {(polarized capacitors oniy, see 3.1) {see 3.19)

c. Applied force: Three pounds.

4.7.15.2 Twist. Capacitors shall be tested in accordance with method 211 of MIL-STD-202. The following detail
and exception shall apply:

»
e
"
"
ad
3.
oy
-~
-
8
-
L]
-
-
o
-
o

b. Number of rotations: Three.

Capacitors shall be visually examined for loosening of terminals and permanent damage to the terminals, tarminal
welds, or terminal solder, as applicable.
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4.7.16 Moisture resistance (polarized capacitors only, see 3.1) (see 3.20}. (apacitors shall be tested 1n
accordance with method 106 of MIL-STD-202. The following details and exceptions shall apply:

a. Special mounting: Not applicable.

b. Initial measurements: DC leakage, capacitance, and dissipation factor shall be measured as specified 1n
L. 7.6, 4.7.7, and 4.7.8, respectively.

c. Polarizaton and tocading voltages: Not appiicable.

d. Exception: Step 7b not required.

e. Final measurements: After the final cycle and within 2 to 6 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 inspection conditions specified in 4.3.1.

ions after test: C(apacitors shall be examined for evidence of corrosion, mechanical damage, and

ion ¢of marking
ion ||EXING.

0w ~
ﬂd

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

4.7.17.1 Dielectric strength. The capacitors shall be placed in a fixture which will provide intimate contact
with a minimum of 80 percent of the sleeving covering the rounded portion of the case. A dc potential of 2,000
voits shaii then be sppiied, with a maximum Leakage of 20 LA aliowed between the capacitor case and the fixture.
The voltage shall be applied uniformly at the rate of 500 volts per second. Electrification time shall be 1
minute t5 seconds.

&.7.17.2 lnsuiation resistance The capacitors shall be placed in a V-block and the insulation resistance

between the case and V-block shall be neasured with a polarizing voltage of 500 £50 volts dc for 1 minute 40,
seconds. The measurement shall be repeated five times, rotating the unit in the block each time.

4.7.18 Stability at low and high temperatures (polarized capacitors only, see 3.1) (see 3.22). Capacitors
shall be measured for dc leakage, capacitance, and dissipation factor as specified in 4.7.6. 4.7.7, and 4.7.8,
respectively, at each of the temperstures specified in tabie XI, except that dc ieskage measurements at -55°C
(step 2) are not required. After the measurements of capacitance and dissipation factor have been made at the
-55°C tewperature (step 2), rated voltage shall be applied through 8 33-ohm load for a minimum of 5 minutes. The
capacitors shall be brought to thermal stability at each test temperature. Thermal stability will have been

reached vhen no further change in capacitance is ohserved between two successive measurements taken at 15-minute
intervals.

TABLE XI. Jesperstures for stsbility test.
I | !
{ Step | Test temperature |
[ [ !
| l , |
|1 | +25°C (22°0) |
1 2 I _€eor ran _2%r) |
| € i 2L Yy, Ta s
| 3 | +25°C (£2°C) |
| & | +85°C (44, -0°0) |
|5 | +125°C (+4, -0°0) |
) | 425°C (£2°0) |
| | |

33

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T16:37Z
Check the source to verify that this is the current version before use.



MIL-C-390034
L4 .7.19 Surge voltage (polarized canacitors only, see 3.1) (see 3.23) Capacitors shall be subjected to 1,000
cycles of the applicable surge voltage as foLLows.
0C rated voltsge 0( surge voliage

at +85°¢C at +85°C

(volts) (volts)
6 8
10 13
15 20
20 26
35 46
50 65
75 98
1 130

The ambient temperature during cycling shall be +B5°C. Each cycle shall consist of a 30-second surge voltage
annlisation follouad hy a U carnnd diccharne nerind Voltage annlication shall be made throuch a 33—cha

SPPUICETICN 7O GEEC OY & A-SCCOT CISTRarge pernice. vOIRSHT SPPLilatICN STl =X o Q2=

resistor. 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

m abo ad Shma TN anmmd ool i el ol ammada amad Sha samanitans A snhancae thoo oy ha
at the ead of the 30-secoid appLiIcation. An altemnate sethod of shor Llug e Capscitors is TISTRETNGE nrsugn U'w

same resistance that is utilized for charging. After the final cycle, the capacitors shall be stabilized at the
ingpection conditions specified in 4.3.1, and the dc leakage, capacitance, and dissipation factor shall be
measured as specified in 4.7.6, 4.7.7, and &.7.8, respectively.

4.7.20 Life (polarized capacitors only, see 3.1) (see 3.24).

4.7.20.1 For gualification inspection (see 3.24.1). Capacitors shall be tested in accordance with method 108

13PpeCt ~.L8

. of MIL-STD-202. The following details and exception shall apply:

- = & mnamen am tmobhas-. Mee
a. CImens, TN INGnes. W%

spe
b. Method of mounting: Capacitors shall be mounted by their Leads.

c. Test temperature and tolerance: Capacitors being subjected to the test of group VI of tablte III shall be
tested at +125°C +4, -0°C. Capacitors being subjected to the test of group VII of table III shall be tested

n-n- ~e -

at +85°C +, -0°C.

d. Operating conditions: A minimum of rated dc voltage (see 3.1) or derated voltage at +125°C, as applicable
(see table 1), shall be applied gradually (not to exceed 5 minutes either by a slow build-up of the voltage
(V28

or throuch a re ich shall be shorted cut within S ainutes) Unltana chall ha annliad contirenaely
TNroUgh & e ICH SNaLL D8 SNOMTES CGUT Wilnin 5 RINUTES). VOLTIaGE SNaGLL O 8PP ied Continucusty,

s
except for measuremen ri
L
1
L

L
istor
The impedance of the voltage source, as seen from the terminals of each
3 ohns (1 ohm for style CS R33) Storage batteries or an electronic power supply

-t ."L__ P

= amo o = bof ] o iiaod
8 Lapaiilonr . gLl DT USTuU.

t pery
capacitor, shall not exceed
mmrmambe) o b e m—

capable of supplying at

-3
1
a

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

f. Measurements dunnn exposure: DC Leakage a

following mtervals 0; 240 +48, 0 rs;

..... abtam avemsiima-s farnanitane abhall bha natiincad oo Sha imemaneinn amemdds
. rvcuaurcwlcvu; QGILTT TAPUSUY wwhllv SNGLL T TEIUMNEU T tne 3 BpPTLLIWL i

['«}

factor, and ESR (when applicable, see 3.1) shall then be msured as spec1f1ed in 4.7.6, 4.7.7, 4.7. 8, and
4.7.9, respectively (see 3.24.1). In addition, capacitors shall be subjected to the dielectric strength test
as specified in 4.7.17.1 follomm these measurements.

4.7.20.2 For quality conformance inspection.

W
rS
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4.7.20.2.1 Performance check. C(apacitors shall be tested as specified in 4.7.20.1, with the following
exceptions:

a. The duration of the test shall be 240 hours.

b. The +85°
c. The test temperature and tolerance shall be +85°C +4, -0°C.

d. The drelectric strength test need not be performed.

4.7.20.2.2 Extended iife test. (apacitors shail be tested as specified n 4.7.20.1, except that the duration
of the test shall be 10,000 hours. DC leakage (at the applicable high test teupcrature) shall be made at the
following intervals: 0; 240 +48, -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 shall be in accordance with 4.7.20.1g.

4.7.27 Funqus (polarized capacitors only, see 3.1} (see 3.25). Capacitors shall be tested in accordance with
wmethod S0B of MIL-STD-810.

4.7.22 Resistance to solvents (see 3.26). Capacitors shall be tested in accordance with method 215 of
MIL-STD-202. The following details shall apply.

a. The marked portion of the capacitor body shall be brushed, with sleeve in place.

. e el

b. The number of sample units to be examined shall be as specified in table IIl or table X, as appti
¢. Capacitors shall be visually examined for evidence of mechanical damage and obliteration of marki

L 7.2 Regigtanc
&.7.£5 Resisianc
1

e ! Ly, . Canaci
in accordance with method 210 of MIL-STD-202. The following details and exceptions shall apply.

to enlderina
LC i8¢

a. Special preparation of the specimen: 8oth (eads shall be dipped in RMA flux (in accordance with MIL-F-14256)
for S +0.5 seconds, and then dipped into solder. The parts shall be immersed to within 0.075 (1.90 mm) $.025

(0.64 mm) of the body.

b. Test condition: G.

cleaning process and following a minimum 3-hour cooling

c. Measurements after test: After cospletion of the ¢
ssipation factor shall be measured as specified in 4.7.6. 4.7.7,

neriod the dc leakane rjnar\fw- and di
period, the C©C leaxsoe, 1

=<,

and 4.7.8, respectively.

4

- £ 4 - < 1t oo s = Lmn ool e =46 ma et om! Ademaca
g. cxaminaLion o L e RO T TOT CVIOCTILT U] WCUIKRITLOL UawWoyT .

3

4.7.24 Ripple current (style CSR21 only) (see 3.28). Capacitors shall be tested in accordance with the
following details:

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

o
o
]

("]

24

'E

-3
»
o

. o op . N
tolerance: 425°C 25°C in & still air enclosure.

c. Operating conditions: A sinusoidal -ltemuting voltage at a frequency cf 40 32 kHz shall be uperi-posed on
S0 percent of dc rated vouage so that the peak voltages do not exceed the vatue of the dc rated voltage of
the capacitor. The maximum rated ripple current shall be applied continuously, except for measurement
periocds. The dc voltage shall be supplied by @ regulated power supply free frcm surges, having a low
internal resistance, and shail be appiied to each capacitor section through a separate resistor. 00U power
supply reguiation shall remain within %2 percent or less. AC power source regulation shall be within 12 kMz
\nth less then 10 percent distortion.

Q
©
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. Measurements after exposure: C(apacitors shall be returned to the inspection conditions specified in 4.3.1,

and shall be visually examined for evidence of mechanical damage; dc leakage K capacitance, dissipation

factor, and ESR shall then be measured as specified in 4.7.6, 4.7.7, 4.7.8, and 4.7.9, respectively.

.25 Weibull FR level grading (see 3.29). C(apacitors shall be tested in accordance with method 108 of
MIL-STD-202. The following details and exceptions shall apply
Distance of the heating source from specimens, n inches: Not applicable.

Method of mounting: (apacitors shall be mounted by their (eads.
Test temperature and tolerance: +B85°C +4°, -0°C.

Operating conditions: Acceierated dc voitage, as appiicable {(see tabie XI1), shail be appiied graduaily
(not to exceed 5 minutes by a slow build-up of the voltage). Maximm acceleration, 20,000:1. Voltage shall
be applied continuously, except for failure count periods. The impedance of the voltage source, as seen
from the terminals of each capacitor, shall not exceed 1 ohm. An electronic power supply capsble of
stmlv\m at Least 3 amneres when a capacitor is shorted shall be used. A 1- to 2- ampere fuse shall be

connected in series ulth each capacitor. Slow-blow fuses shall not be used.

Minimum sample size for monitoring at beginning of test prior to infant wortal period: 300 pieces, or 100
percent, whichever is less.

furaticn of test: 40 hours minimm.
Timing:  Infant mortal period X4 X5
o- -0 0~- -0
0 15 minutes, 2 hours, 40 hours,

Failure definition: A failure is defined as a blown fuse.

Failure count during test: The lot size (see 4.6.1.1.3) to be graded is established after removal of gross
defectives (infant mortality) (15 minutes, maximum). The first failure count shall be performed at least 2

hours after the test was started. The number of blown fuses and the time under test shall be recorded to
within £0.1 hour., Calculate the fraction failed, p., at time x. (see equation 4 (6.6.2)) Ontionally

sarculate 2ci Ity a1ed, P, 8L 30 OG0 & 80.0.27). ML AR Y

MIL-STD-690, table 11 FRSP-90 may be used to compute the failure rate based on the accelerated part hours
generated when C = 0 (see 6.6.2, examples A and B).

Failure count after test: A failure count shall be performed at 40 hours minimum after the test was
started. The number of blown fuses and the time under test shall be recorded to within 0.1 hour.

| P oyt | £ - PP r4 20
¥ ¥

e Lot 12 «
racuvion vaileu, '}2, at LIRC, X2 \5“ qul‘m % \0.0.cJ).

Lot failure rate: Determine 7 (t) from equation 3 (6.6.1). If the desired failure rate has been achieved,
the Lot may be removed from test.

Continuation grading: If the desired failure rate has not been reached, the Lot may be continued on test.
The time to reach the failure rate goal may be determined from equation 5 (6.6.2). 1f the time calculated
to reach the goal failure rate is excessive, the lot may be discarded in favor of a new lot.

Heasurenents after ekposure Capacvtors shall be removed from the test, stabilized at room ambient
ABY mnd ol [ PPN VN - -l Al _ . _al__ —an - L

conditions (see 4.3.1) and the dc leskage, c&;‘xéitaﬁéé, dissipation factor, and ESR (style (SR21 only) shall
be measured as specified in 4.7.6, 4.7.7, 4.7.8, and 4.7.9, respectively.

[V
o
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TABLE X11. Nominal acceleration factors.

Grading stress Acceleration

i
|

v /v A/ | factor
1

f |
| l
| !
| !
! ! |
| 1.0000 ! 1.0000 |
| 1.1000 | €.5355 |
| 1.2000 | 42.7128 |
| 1.3000 ! 279.1496 |
| 1.4000 | 1,824.3823 |
| 1.5000 | 11,923.2626 |
| 1.5276 | 20,000.0000 |
I il I
1/ Vv, = accelerated voltege.
V: = rated voltage.

L.7.26 Surge current (styles CSR21 and CSR33 only) (see 3.30). Capacitors shall be subjected to 3 consecutive
cycles under the following conditions:

a. Temperature: +425°C 25°C.

b. Rated voltage :2 percent shatt be applied for 4 21 seconds. The power source shall have an energy storage
bank of 50,000 Lf (minimum) across the output terminals.

c. The capacitors shall then be discharged for & 1 seconds to a voltage betow 1 percent of the rated voltage.

[+ 8

e

{
the regulated power supp

The total dc resistance udi

he capacitor) including the wiring, fixturing, and output impedance of

anc oJlpul 18pcaan

nt
ng t
ch test position during the charging cycie shall be 1 $0.2 oha.

excl
y to

— -~

5. PACKAGING

S.1 Packaging requirements. The requirements for packaging shalt be in accordance with MIL-C-35028.

6. NOTE

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

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

6.1.1 Parallel operation. Operation of capacitors in parallet increases the risk of dc surge current failures

. ) % mnevamsd men . « ¢ Tha s 3 et ha anare % A
in low-impedance circuits. The user is cautionad that the energy stored in & parallel

discharge through other capacitors in the circuit.

anacitor Circult may

TTewYL Ay

6.1.2 Life degradation. The life of these capacitors is primarily dependent on voltage and temperature. These
capacitors should not be used sbove the derated voltage at maximum rated temperature, +125°C. The FR level at
4125°C is not established in this specification; however, proof tests at +125°C are required (see 4.7.20).

£ 19 T Ammls
V. t.J

6.1.3.1 Shipments to Goverrwent activities. The packaging requirements of this specificatipn are primarily
intended for the preparation of capacitors for shipment to Government activities.
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6.2 Acquisition requirements. Acquisition documents should specify the tollowing:

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

b, Title, number, and date of the applicable specification sheet, and the complete Part or ldentifying Number
(PIN) (see 3.7)

c. lssue of DODISS to be cited in the solicitation and, 1f required, the specific issue of individual documents
reterenced (see 2.1)

{14 anldenlated |ead . - Mt o200 /2)

d. If gold-plated leads are desired (see WIL-C-35003/2).

e. 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. With respect to products requiring qualification, awards will be made only for products
wvhich are, at the time set for opening of bids, gualified for inclusion in the applicable qualified products list,

vhether or not such products have actually been so listed by that date. The attention of the contractors is

called to these requirements, and manufacturers are urged to arrange to have the products that they propose to
offer to the Federal Government tested for qualification in order that they may be eligible to be awarded

rmmbmmate mn miimchace Andane far mommdiiats ~micmomad Shic omarifiomei — masrene ikl a foan e

CONIFaLIsS OF PpUTCHaST COroers 105 ProliCils CoOvVersa U, this speCiticatlion. The -utlvlty TESPONS 1ULT 107 uw

Qualified Products List is the Space and Naval Warfare Systems Command, Washington, DC, however, information
pertaining to qualification of products may be obtained from the Defense Electronics Supply Center (DESC-E), 1507
Wilmington Pike, Dayton, OH 45444-5274. Application for qualification tests shall be made in accordance with
S$D-6, "Provisions Governing Qualification", which may be obtained by applying to the Naval Publishing and Printing
Service Office, Building 4D, NPM-DODSSP, 700 Robbins Avenue, Philadelphia, PA 19111-5094%.

of", for standard capacitor types and selected values chosen from this specification. HIL—STD 198 provides a
selection of standard capacitors for new equipment design.

6.4 Standard capacitor types. Eaquipment designers should refer to MIL-STD-198, “Capacitors, Selection and U

6.5 Soldering heat. Caution should be exercised when subjecting these units to soldering heat. Preheat and
soldering exposure times and temperatures should be held to a minimum.

6.6 Wdeibull FR tevel determination. Weibull FR level determination is based on lot-by-lot 100 percent quatlity
conformance accelerated failure rate life testing.

For example:

2500 Capacitors have a voltage rating v,) ot S0 V dc.
YLN e ire Lathiill ([ i€a taect at A UV de wnltana aceliad U )
AT IRAJI 9 WL IWAJLA LIS LSOL B4 W/ T UL A" = LIecu \'al,
X279.14696 acceleration factor for Va/Vr = 1.3000.
27,944,960 Accelerated part hours.

Weibull FRL's are determined from actual lot performance data. Exponential FRL determination starts with several
production lots which may be included in the same inspection lot. For exauple, 4 production lots of 2,500

capaciters having 2 voltage rating of S0 V dc sre offered for inspection in the same

inspection lot.

fa e

10,000 Capacitors with a voltage rating ("r) of 50 v dc;
x40 hours voltage conditioning at 50 V dc minimum
400,000 Part hours, however, exponential lot voltage conditioning performance data are not used to
dAatrarmins IDI '-
110 Samples are drawn from the inspection lot of 10,000 capacitors;
X240 hours group B life test at 50 V dc applied;
26,400 Parts hours, however, data accumulated and used to determine FRL's.
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10 Samples selected on completing each group B inspection;
X9760 hours continuation Life testing to 10,000 hours
97,600 Rated condition part hours for FRL maintenance

10 Samples selected on completing each group 8 inspection;
va74LN hriing mmmtimiatsomn |lida tacstina - 10 NN beuirme
AT v LR TLITIIGL AT L 11T LTSl LU U, WA TR O
7,600 Rated condition part hours tor FRL maintenance.

Exponential FRL's are based on the aggregate averages of a few samples drawn from many lots maintained n
accordance with MIL-STD-690.

Time ordered distribution of failures for solid tantalum capacitors is
Egquation 1

i -~
!

F(x) =1 ~exp | -
L

x) = Cumulative fraction failed {p) at time x
X = Actual test timz

i = Weibull “shape parameter" (beta)

a = Weibull “scale parameter®

This relationship may be plotted on graph paper which is constructed with Ln x as abscissae and Ln ln 1/(1-p) as
ordinates. Auxiliary scales allow plotting x and p directly. A straight line is obtained. The slope of this

line is N, and the y-intercept is ~ln Q. figure S jllustrates a typical Ueibull plot.

At any time x, values for B and p can be obtained and the lot failure rate Z(x) may be calculated from equation 3.
cmmmaad ol e P -l L. doode_ ae P ¥, I P 4 oloma ~d Sbia tma 2 f1_4

A STLUAWU pLutl U' IBILUTE raLe Versus llw IB)’ oc QrGILCC as lm!wlm on o Tgure o. lY'C SLpxE U s 4T LRSI il }

- )
L) 1N .
Acceptable capacitor lots always exhibit decreasing failure rate with respect to time as evidenced by a value of 3

which is less than unity.

equivalent of several thousand hours of testing within a

practical time frame, voltage acceleration is employed. It has been determined that the application of voltage in
excess of rated voltage produces a higher failure rate than that observed when the devices are operated at the

noaminal unltana ratina On tha Uaibhil! nlat a etraimht lina Aarallal ¢4 tha | ina ranracantina ratad unltane 3¢
POMINGL VOLTaGe Taling. Un TN w8&I0ULL PLOT, & STFaigntl Ing, Paraii®l I8 TNt (INT repraseniing ratel voiiage, s

obtained. The increased number of failures indicated by the lLine representing the higher voltage results from
increased dielectric stress. The slopes (B) of both lines 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
wvhich define the relationship between operation at rated voltage and operation at higher-than-rated voltages. For
example, a lot of capacitors having a voltage rating of 50 V dc might be tested at 65 V dc. In this case, the
ratio of appiied voltage to rated voitage is 1.30, resuiting in an acceieration factor {A) of 279. In practical
terms, operation of these capacitors for 1 hour at 65 V dc is equivalent to operation at 50 V dc for 279 hours.
This retationship may be mathematically represented as:

,,,, esleration factors. 1n order to provide the eqat

-

quation
- _ f-1
Zeey ® Zeaxy .
a A
In conjunction with equation 7, this function may be restated as:

Z(t) =F= -8 in(1-p) 10
c x A
The 10° factor allows for expression of 2(t) in terms of percent per
4,000 ‘nours when x denotes hours. Table XiI illustrates a range of
cceleration factors normally used tor Weibult FR determination.

- Il

w
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6.6.2 Grading calculations. On the basis of failure counts at x, and x, as
specified in 4.7.25, the slope between these points is calculated as follows:

Equation &
lnln(1/(1—p2))- lnln(1/(1-p1))

lnx2 - lnx.‘

The failure rate at time X5 is then determined from eguation 3:

-8 tn (1-py) 10°

xA
1f B is greater than 0.9, the lot shall be rejected from the MIL-C-39003
program.

Fo=

1f additional grading time is required to reach the desired failure rate, the
required time x_ may be determined as follows:

9
Equation S tnfF_ - n Fy
9
ln X = ——— +1n x5
n - 1
Va
_o (18.77249321 x )
Equation 6 A = 7.03612025 x 10 ‘e v,
A = Acceleration factor
e = Natural logarithm base
Vy = Accelerated voltage
Ve = Rated voltage

Examples: a. 880 capacitors tested at a grading stress level of
1.2300 (75.0139 acceleration factor) for 40 hours
resulted in zero failures.

880 (75.0139 x 40) = 2,640,489 hours
c=0
FR = B Level (MIL-STD-6%90, FRSP-50)

b. 1,350 capacitors tested at 8 grading stress level of
1.3300 (490.2535 acceleration factor) for 40 hours
resulted in zero failures.

1,350 (490.2535 X &0) = 26,473,689 hours
c=0
FR = C level (MIL-STD-690, FRSP-90)

c. 400 capacitors tested at a grading stress level of
1.4000 (1824.3823 acceleration factor) for 40 hours
resulted in 1 failure at X4, MO additional failures at

Xy

‘ 6&) (1824.3823 x 40)
C
FR

29,190,117 hours
1

B level (MIL-STD-690, FRSP-90)

|
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MIL-C-39003H

100 capacitors tested st a grading stress level of
1.4000 (1824.3823 acceleration factor) for 41 hours
resuited in 3 faiiures at X4, TO additional failures
at xz.

100 (1824.3823 X 41) = 7,479,967 .430

cC =73
FR = B level (MIL-STD-69C, FRSP-90)
~Ar meciima mma mAdItisnel fmiliira at
or sssume one scditionsl fsilure at x;
Xq = 2 hours
X5 = 4% hours
Py = .03
P = .04
A = 1B24.3823
1 1
tn ln - lnin
1 - P 1 -0
=
ln X5 - in %
1 1
tn Ln - ntin
1 -.04 5 -.03
ln 41 - tn 2
ln In 1.061666 - Ln Ln 1.030928
3.713572 - 0.693147
-3.1985499 - (-3.4913617)
3.02042425
0.2528118
= = 0.0969%4
3.02042425
- In(1-p10° -0.096964 In ( 96)10°
FRL = =

XA 41(1824.3823)

-0. 09694 (0. 040822)10° N
= = 0.000000053 x 10°
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To compute hours needed to verify 0.001% per 1,000 hours FRL:
tn Fg - n F2
8-1

= hours at point 2
= hours to test (goal)
observed FRL at x

Faiilure rate ievel (goail)

XX
Qa e
"

-

tn (0.007) - n (0.0053)
n x_= + ln 41
8 -0 _90WSE

. oWd

-6.9077553 - (-5.2400485)

-0.903056
-1.6677068

-0.903056

1 RLATRAQ 4+ T 7138
LI« e T o > SR g PR B 2 )

"

5 .560308%

259.90 hours

X
9

.6.3 Weibull grading method. After determining the lot failure rate in accordance with 4.7.25, the balance of
he lot (when anplicable) should be tested to the same voltage acceleration conditions as the monitored test
samples. These units shall then be subjected to the 100-percent electrical test shown in table VII.

6.7 Subject term (key work) listing.

Pol;!rized

respect to the previous issue, due to the extensiveness of the changes.

6.8 Changes from previous issue. Marginal notations are not used in this revision to identify changes with

~
w
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MIL-C-39003H
APPENDIX A
PROCEDURES FOR QUALIFICATION INSPECTION
{EXPONENTIAL DISTRIBUTION)

10. SCOPE

10.1 This appendix details the procedures for submission of samples, with related data, for qualitication
inspection of capacitors covered by this specification. The procedures for extending qualification of the
required sample to other capacitors covered by this specification is aiso outlined herein. This appendix is a
mandatory part of the specification. The information contained herein 1s intended for compliance.

20. SUBMISSION

20.1 sample. For qualification to "M" FR level in accordance with table III.

20.1.1 Single tvne submission

le consisting of 163 samnle unit 175 camn
U107 SI1ngle type suomission. ie COor e unit g

A e ( la I3
4 1sisting of 163 samol s (175 sasple s
each case size, dc rated voltage, and capacitance tolerance for which qualification is sought sha

A D Coabiiood b oin e oo : Ly A e Mo e o

20.1.2 ({ombined-voltage gr submission. A maximum of two voltage groups shall be represented (see table V).
Except for styles CSRO9 and CSR21, a sasple consisting of B2 sample units of the highest capacitance value in the
size B case of the lowest voltage and 8 sample units of the highest capacitance value in the size B case of the
hig‘nest vo‘tiage' and a saq)‘te of &2 um'i:s of t'ne highest capacitance va'tue 'in 'i:'ne lowest voltage and 82 sampie

which quahflcat\on is sought shall be submtted For style CSR09 (see 3 1) the sauple shall consIst of &2 units
of the highest capacitance value in the lowest voltage and 82 sample units of the highest capacitance value in the

highest voltage in each qualification groupr. For style CSR21, the combined-voltage group submission shall be the

same as for style CSRO9, except that the number of sample umts to be submitted shall be 88 in each qualification
group.

24
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APPENDIX A

20.2 TYest data. When tests are to be performed at a Government laboratory, prior to submission, all sample
units shall be subjected to all of the group | tests n table I11. 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. All test data shall be submitted in duplicate.

20.3 (Certification of material. wWhen submitting samples for qualification, the manutfacturer shall submit
certification, 1n duplicate, that the materials used in his capacitors are in accordance with the applicabie
specification requirements.

20.4 Description 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 OF QUALIFICATION

30.1 Single type submission. Capacitance range qualification will be restricted to values equal to or less
than 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 V). Case size approval will be restricted to that
submitted, except that approval of case size B or B1 may be a basis for approval of case size A or A1,
respectively, and approval of case size D may be a basis for approval of case size C. Qualification of 20-percent
capacitance tolerance will be restricted to 20-percent tolerance, qualification of 10-percent tolerance will be
the basis for granting qualification for the 20-, 10—, and 5-percent capacitance tolerance.

30.2 Combined-voltage group submission. Qualification of the types submitted will be a basis for quatification
of all intermediate voltages in the qualification group (see table XIV). Capacitance range, case size, and

capacitance tolerance qualitication shall be as specified in 30.1. Examples of combined-voltage group submissions
are {isted in table XII].

30.3 Nonpolarized coverage for polarized submission. Qualification of polarized style CSR13 will be the basis
for approval of nonpolarized style CSR91. Qualification will be restricted to the approval granted under 30.1 and
30.2, and will be granted only to manufacturers qualified to style CSR13 capacitors.
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TABLE X1vV. Examples of qualification group. 1/

|
Style | Qualrfication

| | | |
| | case size | DC rated voltage |
I | group [ | |
| [ | 1 |
| | | [ |
! | 1 | AandB | 6, 10, 15, and 20 |
| | 11 | Cand D | 6, 10, 15, and 20 |
| CSR13 (see | 111 | Aand B | 35 and 50 !
| MIL-C-39003/1) | v | Cand D | 35 and 50 |
| J v | Aend B | 75 and 100 |
| | Vi | Cand D | 75 |
| ! l ¢ | 100 I
| 1 1 i |
I | | | I
| i | AMMand Bl | 6 10, 15, and 20 |
| CSRO9 (see | 111 | A1 and B1 | 35 and SO |
| MIL-C-39003/2) | | A1 and B1 | 75 |
I 1 1 1 }
[ [ | | !
| | 1 | AandB | 6, 10, 15, and 20 |
{ CSR23 (see | 11 | CandD |6, 10,15, and 20 |
| MIL-C-39003/3) | 111 | AandB { 35 and 50 ]
| | v | Cand D | 35 and SO |
} 1 i I 1|
| ) J
! CSR2Y (see | 11 | cand D | 6 10, 15, and 20 |
| MIL-C-39003/9) | v | Cand D | 35 and S50 |
| L i 1 I
| | | { |
| | I | AandB { 6,10, 15, and 20 |
| CSR33 (see | 11 | candD | 6,10, 15, and 20 |
| MIL-C-39003/6) | 11l | AandB | 35 and 50 |
| | v | Cand D | 35 and SO |
| 1 | 1 |

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

40. QUALIFICATION APPROVAL FOR LOWER FR LEVELS

40.1 Extension of quatification to Lower FR levels shall be in accordance with 4.4.4.1.1 of this specification.
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APPENDIX 8

PROCEDURES FOR QUALIFICATION INSPECTION
(WEIBULL DISTRIBUTION)

70. SCOPE

10.17 Weibull FR Llevel qualification. Weibull failure rate qualification will be extended only to manufacturers

who have achieved the "P" level failure rate for any capacitor style covered by this specifcation in accordance
uith Ll’["1~11 or hv M1 -C-558348 To extend qualification tc include Uaibull failure rate l.\l’l the

el o N QUL ICAUCE WEIDULL Tanwyy rale vl

manutacturer shatl certﬂy and demonstrate the capability ot Weibull FR tevel grading (see 4.7. 25) to the
qualifying activity. Full range qualihcation shall be in accordance with table XV. This appendix is a mandatory

nart Af tha cnarificratinn Tha e ot asmad bha randad $nr Armnl ianca
parl OF WnT SPRLITILGUIG. THT IRTOMRATIoN CoONteINSC nerein 15 Intendsa 1o COWMp L Tanee .

TABLE XV. HMatrix for Weibuill quatification testing by rated voltage (dc), capacitance (UF), and case size. 1/

I | | | ! | | | | Case |
|Styte |6V |10V {15v 2V | 35V | S0V | 75V | 100 v | size |
i i i i i i i | | { i
JCSR13 2/ | 6.8 {47 | 3.3 | 2.2 ] N/A | 1.0 |.68 3/ |.56 3/ | A |
! | | ! | ! I E— I l
| | | | | | 13.9 3/ | .73/ | | |
i | s& | 39 22 I 15 | 6.8 A ¢ ! 3.9 2.7 4/ I8 |
| [ ] ] | ] I | | | !
| | | | | | | | | | I
| | 180 | 120 | 68 473/ | 22 | 18.0 [ 10 l6.83/ | ¢ |
] | | | | | | | | | !
! | | | ! ! I I | I |
i | 330 i 220 | 150 | 100 | 473/ |2 j 5 3/ i N/A i 0
! 1 i | ! 1 | | ! ! !
| | | | [ | I [ | | |
| CSRO9 } 2.7 |1 2.2 |15 | 1.0 | 6737 | .27 _1.18 3/ | N/A | A1
I ! | I 1 { ! 1 | ] |
| | I | | | I | | [ |
| | 18 |15 |82 |68 |27 11.83/ |1.23/ | N/A | 81 |
I i i 1 i i i i | i |
| | | | | | { | | | |
|cSR33 5/ | 12 |82 5.6 |39 |18 11.53/ | NA | N/A | &
i i i i i j i i i i I
! ! | | ! ! ! ! ! ! !
J | 100 | & 1393/ | 27 ] 10 6.8 3/ | N/A | N/A | 8 |
| | ] ! | 1 ] | | | |
| | | | | 68 | | | | | |
| | 470 | 270 |180 13/ 120 | 47 | 27 4/ | N/A | N/A [
I | | J 1 { | { { | [
i i i i i i i i i i i
! 1,000 | S60 330 | 180 | 68 1393/ | N | N/A o |
| | | | ! | | | | 1 |
I [ | I | I | | | | |
lrepo1 jaon 1 1220 |- | 27 2/ 1 29 1 2@ 27 1 YWY 1 asa 1 r i
'\-J’\Ll 'IW I e | \* %] ‘ - il | [ *& ‘ (1) ._JI l A | LATH .Y | g |
| { | | | | | ! | | !
I | | [ | | | | [ | |
i {330 i 20 {50 100 3/ | &7 j 2 3/ i N/A | N/A i o
| ] ! | 1 i | | { | |

1/ ALl capacitance tolerance shall be 10 percent.

—/ Qunlification to (fvl- CSR13 witl nu-|1f}1 e?vl. £SO

(10 B

2

3/ The voltage and capacxtance levels shown for this case size must be tested -
to obtain full range qualification at the B, C, or D failure rate levels.

4/ An.exception is mede for the C or D failure rate levels of the CSR13 8
case 100 V or CSR33 C case 50 V; a 2.2 UF CSR13 and a 22 LIF CSR33 shall be tested, respectively.

5/ Qualification to style CSR33 will qualify style CSR23.
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