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MILITARY SPECIFICATION

CAPACITOR, FIXED, ELECTROLYTIC (TANTALUM), CHIP, ESTABLISHED RELIABILITY,
S 2 ;. GENERAL SPECIFICATION FOR I

| FAILURE RATE LEYELS "N*, “P®, *R", ‘AND *S° |

ARE INACTIYVE FOR NEW DESIGN AFTER 23 August 1990,

This specification 1s approved for use-by all Depart.-
ments and Agencies of the Gepartment of Defense.

1t Cy e

1. SCOPE

reifabd tantalum, fixed chip capacitors, primarily intended for use in thick
and thin film hybrid circuits or surface mount applications for filter, bdypass,
coupling, and other applications where the siternating current.(ac) component fis
smal) compared to the direct current {(dc) rated volitage and where supTIementai
woisture protection 1s avaflable (see £.1). These capacitors have relfabdility
rgg}gg!resgab}ishcﬂ on the basis of 1ife. tests performed at spacified, voltage at
*85°C for fatlure rate {(FR):levels ranging from: ; T B :
a. 1.0 percent per 1,000 hours to D.0D) percent per 1,000 hours in
accordance with MIL-5TD-690. These FR Tevels are established at a
6G-percent confidence level and are maintained at a 10.percent
producer’s risk (exponentfal distribution).

. 1.1 Scoge. T.hts.speciffcl;t-fua.ﬁﬂé;v;}': “the '9er;e‘er;a'i re"quﬁ'-enuents for established
Y

b.. 0.1 pertent per 1,000 hours to 0.0001 percent per 1,000 hours (1 FIT) 1/
" at & 90-percent conffdence Tevel (Weibull dfstributfon). ! V.
A part per -mi1ifon (PPM) gquality system is wsed for .documenting &nd reporting
the average putgofng quality of capacitors supplied.to this specification. ‘
Statistical process contrel (SPC) technigques are required fn the'manufacturing
process to minimize variation in production of capacitors supplied to this

specification.

~

I/ FIT = fatlure unit a one fafiure. per 10’ dév!cg_hbursf;.‘

R N I

;

Beneffcia) comments (recommendations, additions; delétions) and amy pertinent '|
dats which may be of uge {n {mproving this document should be addressed to: {
U.S. Arsy Laboratory Command, ATTH: SLCET-R-S, Fort Monmouth, NJ D7703.5302 byl
using the self-addressed Standardization Document Improvement Preposal (DD or-}

1426) appearing at the end of document or by letter.

AMSC - N/A " : - - ~ F5C 5910
DISTRIBUTION STATEMENT A. Approved for public relesse: distribution 43 unlimited.
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1.2 - Classification. Capacitors covered by this specification are classified
by the §tyTe, as specified (see 3.1).

1.2.1 'Pnrt or ldentifying Number (PIN}.
form, and as speciflied (see 3.1].

The PIN shall be in the following

CHRO6 B A 225 J M
] T T ! T
-srgr-' TeRTRTTeR R TESRG = X Level
oTtage Eruination Lapacitance .. Lapacitance eve
{1.2.1.1}  (1.2.1.2} fintsh {1.2.1.4) tolerance (1.2.1.6)
(1-2.‘1-3) {1-2-1.5)

1.2.1.1 Style. The style {s identified by the three-letter symbol “CWR®,

followed by ® two digit number; the letters {dentify established relifability,
tantalum, fixed chip capacitors, and the number fdentifies the design of the

ramasd b

Capaciior.

1.2.1,2 Vvoltage. The voltage (rated, derated, and surge) is fdentified by &

single letter as shown .in table l. . . .
TARIE 1 Unltana
EE -4 1) - - 'Ulb-.ft
] T
Symbol Yoltage _ [
| Rated (85°C) Derated (+1256°C) } Surge (+85 €)
'I. . Yolts, dc 1 . DNolts, d¢ . Jolts, dc y W
| A R o AR - R o e 2,60 “1‘ e
I B 3 o 2.0 A 4.0
1 € ' B SR I 2 B “?W1 SRR 74 | A ' }
! b & | a0 | ‘ ‘8.0
{ E } -8 [ 5.4 . 10.0
| F | .10 | 7.0 13.0 1
| G | 12 | 8.0 16.0 |
| H [ 15 ] 10.0 | 20.0 I
l J | 20 | 13.0 | 26.0 l
L] ! - ! 25 g l TR [Iatl) ii_l’ig.‘ ¥ ‘.! . . 32;.0,‘ - | i .‘
| 30 P T able” 1 X AR
M k13 i 23.0 l 46,0 ‘
] ] j 50, | 33.0 ‘ "1 . 65.0 -
1.2.1.3 Termination finish. Thiftérlihatioh finish 1s 1dentiffed by a single
letter, as FolTows: - ' ' o R o

Gold plated (50 microinch minimum).

Hot solder dipped {60 microinch minimum).
Tin plated (10?,l1croinch minfmum). )
Solder platkd (100 microinch sinimum).

Tin fusad (B0 micrainch sinimum)

FIil FESFSw 1w = —_———T

Solder fused (60 microinch sinimum).

noxmowm

See 6.8 for conversion frol:prprious.tifninat}dﬁ'f{ﬁ{shés.

.2.1.4 Cagccitinco. The nominal capacitance value, expressed in picofarads
Y, 15 {4EREITVEQ by 2 three-digit number: the first two digits represent
nificant figures and the third digit specifies the number of zeros to follow.

i
N
L\ pr
sig
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1.2.1.% Capacitance tolerance., The capacitance tolerance is identified by
a single 1eE!EF'3! Thowh Th t&bjle II,

TABLE I1. Capacftance tolerance.

Symbo) Capacitance tolerance

Percent (2)
—_—

X 10 A
| ] | = 20 ' H

1.2.1.6 Failure rate (FR) level, The FR level (based on life tests performed
at specified voltage) Vs Tden ed by a single Ipp;gﬁdpp shown in table Il1,

© TABLE 1II1. FR level.
. f Co L. . .
Symbol " Expomential FR level

% per 1,000 hours
0
.1
-0
.o

—— e e — g
—— —— ———

1
01
1. Weibi1) FR. Jevel.

NnTUVE
(=110

% per 1,000 hours

6.1 .
0.01 . . ... .
1 TR
0.0001

e i

Mmoo w

2. APPLICABLE DOCUMENTS

2.1 Government documents. : | T o R

2.1.1 Specifications, standards, and handébooks. The following specifications,
standards, and handbooks form a part o s document to the extent specified
herefn. Unless otherwise specified, the issues of these documents are those

l1isted in the issue of the Department of Defense Index of Specifications and
Standards (DODISS) and supplement thereto, cited in the solicitation (see 6.2).
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SPECIFICATIONS
FEDERAL
© QQ-S5-571 - Solder, Tin Alloy: Tin-Lead Alloy; and Lead Alloy.
MILITARY . |
MIL-C-39003 - Capacitors, Fixed, Electroiytic (Solid Electrolyte), .

Tantalum, -Essablished chiah11ity. General

Specification For.

MIL-C-39028 Capacitors, Packaging of.

MIL-C-55365/2 - Capacitors - Chip,-Fixed, Taatnlu.. Established
Reliability, Styles CHNROY and CWRO4.

MIL-C-55365/4 . Capacitors, Chip, Fixed, Tantalum, eqablishcd

T Reltabi 1My, Styles CHROG and CWROD,

MIL-C-55365/7 - Capacitors, Chip, Fixed, Tantalum, Estah1ishad
Relfabilfty, Style CNR1O,

MIL-C-55365/8 - Capacitors, Chip, Fixed, Tantalum, Established
Reldability, Style CWRIL.

MIL-C-55385/9 ~ - Capaciters, Chip, Fixed, Tantalum, ;&tablishod

‘ lg)lmﬁtlltx. 31;1; nuuxa o

STANDARDS
RILITARY : S
MiL-STD-202 - ;ost Methods for Electronic and Electrical Component
arts.
MIL-STD-690 = Fatly Iate s:n;ling Plans and Procoduros.
MIL-5TD-790 p--ulomi b be -Rrogran-for. l&nctrnnic ‘Pares
_ Spocificat ous.
MIL-STD-1285 S Warking .of Slactrical and Iloctron1c Parts.

{Untess otherwise 1u¢ic1tod. copies uf federal and lllfxary spoc1f1cat|ons.
standards,-and handbooks are avatlable from the Naval Publications and Forms
Center, (ATTN: NPODS), 5801 Tabor Avenue, Philadelphia, PA 19120-5099.)

2.2 MNon-Governament ublications. The following documents form a part of this
document to the extent specitied herein. Untess otherwise specified, the 1ssues
of the documents which are DoD adopted are those listed i¥w the Tssuw ¥ e :
DODISS cfted fn the solicitation. Unless otharwise specified, tha {ssues of

documents not listed tn the DODISS are the issues of the documents cited in the
solicitation (see 6.2).

" C [EEIN IR 1 o - Lo

ELECTRDHIC INDUSTIIES ASSDtIATIOﬂ (EIA)

-~

E1A-554 - Assessment of 0utgoing Honeonforling Levels In Parts

Per Mi11ion (PPN).
E1A-557 - Statistical Process Control Systems.

(Non-Government standards and other publications are normally available from
the organfzations that prepare or distribute the documents. These documents also
may be avetlable in or through libraries or other informational services.)

2.3 Order of pracedence. In the event of a conflict between the text of this
- document and the referencas cited herein (except for associated detai)
specifications, specification sheets or NS standards), the text of this document
shulI take procodonco. Nothing in this document, however, supersedes applicabdle

laws and regulations unless & specific exemption has been obtained, .
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3. REQUIREMENTS

3.1 Ssecifidation sheet. The individual item requirements shall be as
specifie erein an n accordance with the applicable specification sheets, In
the event of ang conflict between requirements of this specification and the
eets, the latter shall govern (see 6.2).

3.2 Quatification. Capacitors furnished under this specification shall be
preducts which are authorized by the qualifying activity for 1isting . on the
applicable qualtiffed products 1ist at the time of award of contract (see 4.4 and
6.4). Authorized distributors which are approved to MIL-5TD-790 distributor
EgauirenQQts'py‘tbe qualified products 11st (QPL) manufacturers are Yisted in the

3.3 Relfability and quality.

3.3.1 Reliability. Reliability of capacitors furnished under this
specification sha be established and maintained 1n accordance with the:
procedures and reguirclents specified in MIL-STD-790 and NIL-5TD-690 with details
specified in 4.1.2, 4.4.4, 'and 4.5. The reltabiifty rating 1s fdentified by the
following FR Tevel ‘symbols: Lo ) : e " )

Exponential FR level Wetball FR Yevel

Sysbol ~~ _(3 per 1,000 hrs) I._ Symbol . (2 per 1,000 hrs)
L ' 1.0 - B » 0.1
P 0.1 I £ - 0.01
R 0.01 | D 0.001
s 0.001 I E

. - 0.0001 (1 FIT)
3.3.2 Quality. :

3.3.2.1 Statistical process éodtrol'tsvcgi"Theicontractor“ihili'1nptéient'and
. use stetistical process control 'techniques td the manufacturing process for parts

covered by this specification. The $PC program shall be developed and maintained
in accordance with EIA-557. The SPC program shall be documented and maintained
as a part of the overall reliabilfty assurance program as specified in .
MIL-STD~790. The implementation date for statistical process control shall be 12
months from the date of this specification. Processes for application of SPC

techniques should include but are not limited to: :
&. 'Pressing
b. Sintering
c. Electrochemical processing
d. Encapsulation
e. Packaging

3.3.2.2 'QuaTity levels. The quality of Tots thatihave béen subjected to and
have passedgfﬁi'?*EEFEﬁF“I 100 percent screeding fnspections of the group A :

inspection shall be established and msintained fn accordance with 4.6.1.2.2 and
E1A-554, wethod B. Individual PPM levels (f.e., PPH-2 and PPN-3) and an overall
PPN defect level {1.e., PPN-5) shall be established based on the tast prescribed
in the subgroup 2 tests of the group A inspections. The defect lTevel for PPM-2
shall be less than 100 PPM. Date shall not be excluded from the appropriate PPM
catculation unless spocffical!¥ suthorized b{ the qualifying activity. Guidance
for exclusion of data i3 specified in EIA-554. ‘
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3.4 Materfals. Materials shall be as specified herein. However, when a
definite material 1s not specified, a material shall be used which will enable
the capacitors to meet the performance requirements of this specificattion.
Acceptance or approval of any constituent material shall not be construed as a
guaranty of the acceptance of the finished product.

3.5 Design and construction, Cnpiciturs shall be of the design, construction,
and physical dimensions specified (see 13.1).

3.5.1  Body structure. The body structure shall be etther of the conformally
coated or molded form (see 3.1).

3.5.2 Terminals., Terminals thall be of a s01id condu gi_:g_ . of the dimentions

specified I ! T}, and shall be suitably treated to fac iate soldering,

3.5.2.1 Reprocessing of terminations. The manufacturer (or his authorized
category C distributor} may reprocess the terminations of capacitors supplifed to

this specification, provided the termination proces: hasy been approvod by the
qualifying activity, ;

3.5.2.1.1 Reprocessing optfon. If the sanufacturer {or his authorized
categary C distributor] reprocesses the terminations of the capacitors as a part.
of normal production, or as a corrective action for solderability failure, the
following shall apply:

a. Following eny reprocessing, the electrical measurements as specified in
group A, subgroup 2, shall be performed on a 200 piece sample for each 8
ours of manufacturing, If there are one of more defects, the individua)l
fnspection lot, or lots, from which the defect originated shall be
subjJected to 100 percent testing of the electrical measurements of group
A, subgroup 2, and must meet the DPA requirements as specified in
4.6.1.2,1.

b. PPM-2 data Tollowing the reprocessing shall be reported every six

nont:;i The calculatior wethod shal) be 1n accordance with method B of
ETA- .

3.6 Voltlge aging (sxponential 6n1z[. ;When tested as specified in 4, 7 3
capacitors sha nee e Torlowlin roquirelents:

pe Ieakade e = = = ===« « Shall not exceed the requ1re-eﬁ£ specified

in 3.7,
Capacitance- - - - = -« - = - - - Shall be within the tolerance specified
(see 3.1).
Dissipation factor - = « « = =« = ?ha;lgnot exceed the requirelent specified
n - »
Euivalent series resistance Shall not exceed the appliccble value
SR} (when specified, see 3.1)- speciffed In 3,13,

3.7 DC leakage, When measured as specified in 4.7.4, the dc leakage shall not
exceed The app1‘cab1e value specified (see 3.1). )

3.8 Capacitance. When measured as spacified in 4.7.5, the capacitance shall
be within the applicable tolerance specified (see 3.1}, ,

3.9 Dissipation factor. When measured as speciffed in 4.7.6, the dissipation
tactor shall not exceed the vciue specified (see 3.1). ‘
3.10 vibratfon, high frequency. Nhen capacitors are tested as specified in
7.7, there sﬁa‘i ‘be no !ngorni¥tont contacts of 0.5 milliseacond (ms) or greater
» ggnn. or arcing or other indication of breakdown, nor shall there be any

4.
durs
open- or short- circuiting or evidence of mechanical damage. .
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3.11 Thermal shock. When tested as specified in 4.7.8, capacitors shall meet

the following requiresents:

Dissipation factor - - - -

ESR (when specified,
s€€ J.1) = = - o o o o - -

¥i{sual Examination - - - -

1 not exceed the requirement specified in

3 chaﬁﬁé not wore than 25 percent from the
tial seasured value,
gh;ll not exceed the requirement specified in

Shall not excicd the applicable value specified
in 3.13.

There shall be no evidence of har-ful corrosion,
mechanical damage, or obliteration of marking
(1f applicable}.

3.12 Resistance to soldering heat When tested as specified tn 4.7.6,

CIP!CI'I'.DPS s$nall meet The TOTiOwWIng require-ents.

DC leakage - - - « - - - -

Dissipation factor - .- - -,

Visual examination -~ « « «

3.13 Equivalent series resistance (ESR) (when specified

leasurcd &5 spec

' (see 3.1).

3.14 Moisture resfstance.:

DC leakage - - - - - - - -
Capacitance- - - - - - - -
. Disstpation factor - - - -

ESR (when specified,
ite #.J.j ------- L. -

Visual examination - - - -

3.15 Stability at Tow and n1 h temperatures. ihen tested as specified in
4.7.12, capacitors shall meet fge fo1Eou1ng requirelents:

Step 1 {+25°C):

DC leakage - - -« = = - =

.Clpacitanco- - meeeno.

Dissipltion fnctor - e -

ESR [uhgn specifiod.
see 3.1} = o o o o o o - -

Shall not exceed the requirement spéé1f1ed ip

Shall .change not more than 45 percent from the
initial measured value.

5hail not exceed the requirement specified in
3.8,

There shall be no evidence of ntchgnica1 damage.

see 3.1).  'when
¢ value specified

When tested as specified 1n 4,7.1%, capacitors
shall meet the fo1low1ng requirelents'

ShnlI not exceed 200 percent of the re0u1re-ent
specified in J.I.

Shall_change not more than %15 percent fro- the
Inttial measured value.

Shall not exceed 150 percent of the requireuant
specified in 3.9.

Shall not exceed the appiicabie vaiue specified
in 3.13.

There shall be no evidence of haraful corrosion,
mechanical damage, or ob11terat1on of larking
(1f applicablel. T

I . ot

Shall not exceed the applicadble value specified

{see 3.1}.
Shall be within tolerance of the noninal vaiue

specified: (see 3.1).
Shall not esxceed the lpplicnble vllut spociried

(see 3.1). "'

Shl%llnot exceed the applicable value speclfied
in 3. . . .
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Cetan 2 (_EE"P)»
ALY I N | LA ]
Capacitance - - - - - - - Sha)) chan [ not lore tlla the applicah!o v;iue
: sp:clf1ed see 3.1) from the step 1 measured
! ‘C ovaltuey ‘

5hall not excoed the applicable value Specified

faaa 2 1Y

APEE weajos

Dissfpation factor-

Step 3 (+25°C):

DC Teakage - - - - - - - S5hall not exceed the applicable value specified
o : {sea 3. ll.
_? spa :1:35;6 s eemsm Shall change not sore than & fFﬁi‘i he

DT

s . step 1 measured value. - .l .
Risstpation factor- -« - . Shall not exceed the requirement speci ied (see

Step 4 (*85°C): ‘
DC leakage - - - - - . . ?ha113ng§ excocd the npplicab1e value specified
‘ see 3.1).
Capacitance = = - - - - - Shall change not more than the appliceble value

e Cr oo specified.isee: 3.1} from the step 1 measured .
ER L b I'] TRAEE S

Diciadpatian:factor oi.:o Shald -not .exceed the requiremsnt ispectfied (see
3.1Y.
s he NN ! ke | e @0y '
Step § {+125° 7 5 L
DC leakage - - - - - - . Shlliangffoxcood“tho appiiciﬁldﬁiniﬁo spccifiod
{sae 3.1).
Capacitance - « = - - . - Shall change not more than the applicable value
‘ Co o specified (see 3.1) from thc step. 1 neasurod
valee. sernararLane Crp e koot s Vg
~ Dissipation factor - - - Sha;l not exceed the requirenent spocifled (soe
e AT ot sty R - 1), N e gy e

RTINS

Step § (+28°C):' i o0 T

S A . A

DT Teakage - - = = = = = . Shal) not exceed the applicable-value specified

(see 3.1).
Capacitance - - - - -~ - = shal chan?o not more than the nppiicable value
S epecified (see 3.1) from the step ! measured
vn1ut.
“DtBsIpation faethr v & oo “;n;}l ﬁot oxceed the requirement specified (seoe
. ' : ' Lo ' . i) v
ESR (when specified,
see 3.1) ~ - - - - - - - |‘5h|11‘not encee6 the app11cable value spocified
A ' ‘ ' ’ LI T3 73 A .
3.16 Surge vol;ggﬁ ‘$5gonentlgi on1¥, see 3.1}. When tested as specified in
4.7.13, capacitors sha mee ° win e rements:
"' DC leakage - - - - - - - ?Sh=11~no% excend the requirement specified 1n
k| BT SRS
Capacitamce -ia = = « = - 'i: Shall chae o nmt more thar the applicable.wvalue
) : spectfied 3.1) from tho 1n111|1 -onsnred
e S I T veluen |
Dissipation factoer - - - Shall not cxtood thn roqniro-ent :pocificd in
ESR (when spacified, 3-9- |
see 3.1} - -~ =« = - - - Shal} got exceed the applicable value specified .
in 3.13.
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3.17 iLife (exponential onl see 3.1). When capacitors are tested as
spacified TR ¥.7. 1%, Cthere thatT be #o evidence of harmful corrosion or
obliteration of marking (1f npp11cab1e). mechanical damage, intermittent shorts,
or permanent shorts or opens.

3.17.1 guaIification.insgection When testod as specified in 4.7.14,
capacitors shail mee € following requirements:

At +25°C: ' ”
DC leakage - - - - - - - - ?hailsn:§ exceed the applicable value specifiod‘
see 3.1).
Capacitance - - - - - - . =, .Shal) change not more than the applicable value
specified {see 3.1) from the value ocbtained when
weasured as specified 1n 4.7.5.
Dissipation factor - - - - ?hail ng? exceed the applicable va1ue specified
. see 3.1).. -
ESR (when specified, ' ‘ 1
see 3.1) - - - - - - - - - Shall not exceed the app11cah1e value specified .
. in 3.13, . o
At +85°C:"
DC Yeakage = - - - - - = - Shall not exceed the appIicab1e value specified,
h ’ (SE! 301}» . - c o . W,
At _+125°C: :
DC 1g.g.ge m e e e - e - -““’§h511 ng} excead the npp11cab1e ‘Yalue specified
see - ‘ o

PR

3.17.2 gualit; conforannca 1Esgect]on.

3.17.2.1 For group A fnspection. When tested as specified in 4,7.3 or 4.7.17,
exponential or le?Eu‘l as applicable, capacitors shall meet the requireménts
specified 1n 3.6 or 3.20. Weibull FR level grading data from the inspection 1ot

that meets the requ1renents of 4.7.17 and 3, 20 sha11 be accepted in Tieu 'of
4.7.3 and 3.6,

3.17.2.2 For group L 1ife or extended 1ife (soo 4_.7.14.1). When tested as

specified in rcquirelen:s.
At +25°C: -
DC leakage - - - - - - - - ‘fhu113n2§ euceed the apijcable va1uo spocified_f
‘ see 3.1).
Capacitance - - - « = = = Shail change not more than +10 percent from the
value obtained when measured as speciffed in
Dissipation factor - - - - Shail'not excead the applicable value specified
(see 3.1).
At +85°C: , _
DC leakage » - = = =« - - - Shal) not exceed the applicable value specifiad
{see 3.1),
At +125°C:
BC Yeakage - - - - - - - - Shall not oxceed the applicable value. specified
(see 3.1) ) _
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3.18 Soiderlbi11t . Mhen capacitors are tested as specified in 4,7.15, the
dipped portion of the terminations shall conform to the solid-wire termination
7r1teria)of method 208 of MIL-STD-202, Solderable surfaces shall be as specified

see 3.1). ‘

3.19 Resistance to solvents. When tested as specified in 4.7.16, sarking
shall resain Tegible and shall not smear, and capaciters shall meet the following
requirements: A AR P : ; I

DC leakage - =« = =« - - - Shat] not exceod tho requ1roltnt specified in

- : ‘3.7,
Caplcitance R Shcll chlngc not more than +2 percent from the
initial measured value.
Dissipation factor - - - - gh;II not exceed the requirement specified in
ESR (when specified, ' o e
see 3.1} - -« - - o - 2o . ?hn;I not sxcesd the applicable valus specifiad .
n 13,

3.20 wWeibull FR level ?ddin {in 1ieu of 3 5).. Hhen tested as specified in
4.7.17. capacitors ] RCrEasIn re rate with respect to time as
evidenced by a value of btta {s) which is 10:3 than 0.9; and the instantaneous
failure rate in the Tast {nterval shall be no more than the fatilure rate
specified. After grading, capacitors shall meet the following regquirements:

DC leakags - - - - - - - - g?;!! not excesd the requirement specified in
Capacitance- - - - - - . - Shall be within the telebante spacified (see
Dissipation factor - - - ?_‘_ghi%i'not t:ceod tho rtquirenont spccif1ed 1n
ESR (when specified, AP o o
s8¢ 3.1} - - 2 e - - .- - f:al!lgot sxceed the applicab1e value specified

Capacitors tested as specified in 4.7,17 shall be exeapt from group A sercghi
defective allowable (PDA) provision: {see 4.6.1.2) and exempt from 3.1
extended 1ife {see 4.7.14.1).

3.21 Marking. Molded style capacitors shall be marked in accordnncc with
method l'b?‘NTE-STD 1285, and shall be as specified (see 3.1). Polarity marking
shall be as spacified (see 3.1}. A1) styles shall have the following tnformation
marked on the package.

a. "JAN" brand.

b. Rated capacitance.

C. Rated valtage. .

d. Capacitance tolerance.

e. Failure rate level symbol.

f.. Part or ldentifying Number (PIN).

g. Manufacturer's source code in sccordance with MIL-STD-1285,

h. Lot date cocde.

10 .
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3.21.1 “JAK" and “J" marking. The United States Government has adopted, and
13 exercising Tegitimate control over the certification marks “JAN" and “J",
respectively, to indicate that {tems so marked or fdentified are manufactured to,
and meet al) the requirements of military specifications. Accordingly, {tems
acquired to, and meeting all of the criteria specified herein and in applicable
specifications shall bear the certification mark "JAN" except that {tems too
small to bear the certification mark "JAN" shall bear the letter "J", The “JAN"
or "J" shall be placed immediately before the PIN except that 1f such locatfon
would place a hardship on the manufacturer in connection with such marking, the

-*JAN" or "J" may be located on the first line above or below the PIN. Items

furnished under contracts or orders which efther permit or require deviation from
the conditions or reguirements specified herein or in applicable specifications
shall not bear “JAN" or "J". In the event an item fafls to meet the requirements
of this specification and the applicable specification sheets or associated
detail spectifications, the manufacturer shall remove the “JAN" or the “J" from
the sample testad and a2iso from al) items represented by the sawple. The "JAN"
or "J" certtfication mark shall :not be ‘used on products acquired to coatracte
drawings -or specifications. - The United States Goverament ‘has obtaindd - '
Certificate .of Registratton Number 504,860 for the certification mark “JAN",

3.21.2 Substitution of failure rate levels, A nanufiéturer%lny substitute,

with procuring agency approvar, Tatlure rate levels in accordance with tadble IV,

Qualified manufacturers may mark exponential failure rate (evel symbols o: qgrts

that hava haan Waihuull aradad o Yauval B £- 0. ar £ I+amse havinae a Waihuy
witWM e BUYE CSGVN mRiwws Yl SGSC 0 ISVEl &, ¥, w3 D7V &, 2RSS AaV¥IUEF = VR

failure 'rate level {FRL) may be substituted, with procuring agency spproval, for
items of an exponential FRL as shown in'table 1V. Parts qualified and marked to
lTower FRL's, with procuring -agency appreval, .are. substitutable for higher FRL'S,
and shall not be remarked unless speciffed Tn the contract or'parchase order (see

6.2). In the event the faflure rate-Tevels are remirked; "the date lot codes an
the parts shall not be changed and the workmanship criteria shall be met.

TABLE IV. Faflure rate lTevel substitutability.

Parts qualified to [ Are substitutable Yor | °
failure rate level failure rata level !
' . Y AT ,.',:‘5...:_,11.‘ Indc“[ L
g CRGTPTRYS, Gand BT T
‘B M, P, R, and § - | :
S M, P, and R ) -
R M and P ‘
P "

3.21.3 Substitution of caEacitance tolerance -and rated voltage. Parts
qualified and marke [ ghter capacitance tolerance or gher rated voltage,
with procuring agency approval, are substitutable: for parts marked to looser
capacitance or lower rated voltage, provided all other values, such as case size,
characteristic, and terminations remain the same. The substitutable parts shall
not be remarked unless specified in the contact or purchase order (see 6.2). 1In
the event the capacitance tolerances or rated voltages are remarked, the lot date

codes on the parts shall not be changed and the -0Plllh8hfp qriteria shall bhe .met.

¢ekall ks npacascad in gg'g!"‘! !gnﬁgr that, when

3.22 WMorksanship. Capacitors shall be procescsed {in
examined under magnification, they shall be uniform in quality and shall be

free from pits, cracks, rough edges, and other defects that will affect 11fe,
servicnab1g1ty. or funétion? Thg c;pacitors shall exhibit no demetallization

(1ift-off) on the terminations.

2.22.1 Soldarine A1l excese flux or zolder shall be removed. Electrical

wNRnwvwvew rwn WP =wiwwr

co;ﬁ;EQ;ons 35111'3; etectrically continuous after soldering.

11
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3.23 Termination finish code substitutability. Termtnation finish codes may

be subst or other termination Tinish codes, with procuring agency
approval, in the following manner: :
Termination finish code May be substituted for termination finish code
X ' t
J E
€, K H
c 4

4. QUALITY ASSURANCE PROVISIONS

4.1 nesgontibi!ieﬁ for inspection. .Unless otherwise specified in the contract
or purchase order, ¢ supplier 1s responsible for the performance of all
inspection requirements as specified herein. Except as otherwise specified in
the contract or purchase order, the supplier may use his own or any other
facilities suitable for the performance of the inspection requirements specified
herein, unless disapproved by the Government. The Government reserves the right
to perform any cf the {nspections set forth in the specification where such
inspections sre desmed necessary to assure supplies and -services conform to
prescribed requirensnts, e T LT :

4.1.1, gésgbg;]giiij¥ for céﬁé]{ggcQ:::Kfit{teié‘iﬁst:icet;$f1fﬁéﬁﬁfro-pnfs.of
sections 37an . nspections set forth {n this specification . shall become a

part of the contractor’'s overal) inspection system or quality program. The
absence of any inspection requirements in this specification shall not relieve
the contractor of the responsib{lity of assuring that al) products or supplies
submitted to the Government for acceptance comply with all requirements of the
contact. Sampling in.quality conformance.doss.not authorize submission of known
defective material, either indicated or actual, nor doas it commit the Government
to acceptance of defective material,

4.1,2 Reliability assurance pro ram. A reliability assurance program shall be
established and SB(NCATREH Th Bccordance with WIL.STD-790, =

4,1.3 Statistical pioéess control (SPC). An SPC program shall be established
and maintatned In accordance With EIA-B57. Evidence of such complfance shall be

verified by the qualtfying activity as a prerequisite for qualification and
retention of qualification. .

4.2 Classification of inspections. ?The inspections specified herein are
ciassified as ToTlows: ' ‘

a. Qualification inspection {see 4.4).

5.”‘Veriflcaiion~of“q§i1{f1cafion {see 4.5).

€. Quality confor-anfe inspection (see 4.6).
4.3 lnspection conditions and methods.

4.3.1 Inspection conditions. Unless bthernise'spocffipd herein, all
inspections shall be performed 1n accordance with the test conditions .specified
in the “GEMERAL REQUIREMENTS" of MIL.STD-202. , : .

12
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specified ..
velt root mean square (ras). The -axi-u. dc bias voltago sha11

less than 2.2 volts.

4.3.2,

measurements made
be considered the last. measurement made at.25
oregcn measyrements have been lade within 30 days prior to tne

enditiontng; - thtr ot 1-te - repeated, e s et g e

Power supply. The power :upply used for I!fe testing shatllibave a ;
on'b’ Z percent or 1ess of the rated voltage. The power, supgoﬁlenp1nytﬂ

Unless ref
begindiag oF,

4.3.3
rugulatl

for dc leakige current measuremsnts shall be stabilized to at'least #

per mil)

4.4

a labora
equipmant
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Fop e g e {1 o . . ] e " RN R TR
',.,'.l 1 r, [} l\l‘l‘"‘ ! B !.r-.r:“;.l"'

t5. 7 AC qusﬂrgnent; ;ht11 ‘be made, at ;hn froqu;:ty

e 1.0
to or

of. tho ac. voltage shal) be equal to or less. t
be equa

2 Reference ltlsurelents. Hhen requirolants are based on comparative

efore and arte conditioni 8 the reference measurement shall
*

5 c prior to conditioning.

pirts ’

ton. - During messurements there must be no voltage fluctuatfons of’
sufficient -amplitude to produce a varfation {m the current measurement as read.
with any dc 1sakage current taster used to test ceapacitors. .

ualification inspectipni; Qualifjcatipn 1nspp=$iom rhiii be parformed at’

racceptable to ¢ Government (tot 6.4) on samp P

4 protedures novablly used Yh proguckion) QUiligitatﬁbh»gﬁp pntm ‘.
an

wi]l be based on the successful complettpn: o ; B tests specified {n table
w!l1 not be withheld panding co-plction of the pumendad l1ife ttst of 4.4.4.1.1a.

The number and s:y]e combinations of clpac?kOfs to be

Salgle size.
d to qua cation 1nspect10n shall b- ls spocifiod in the. app.adi: to ..
this specification. ‘ o

Inspection routine. The sample shall be subjected to the; pn:poctions
d q tabTe Y, 1n the order shown. A1l sample units shatl- bc-%ubsected to

4 4.1
subjecte

4.4.2
spacifie

the inspictions of group 1. The units successfully tompleting. group.l Inspection
shall then be divided as specified.in table ¥, for groups 11 through Vi for ¥11)

fnclusive, and subjected to'the; inspections fpr their, p;rt!cu1pr Bronps TOr.

combined voltage group subnissious. each type shall be equally representcd i
each group {see 4.6.1.1).

Failurns. Fatlures in eacess of those n11oued in table v shall be cause
for refusal to grant qunl{ficatinn approval, . . .

‘.44 Failure rate level .and quality 1evel verification. _ :'LAZJ“;;;“‘hZPL

4.4.3

4 4.4, 1 Fuilure rntu level: qu¢11fication. 5

4.4.4,
with the
details:

’\.)

1.1 Ex;ongnt%! Ex opentinl FR qua!ificction shall be | Accorﬂ ce,
genera [ lilodprczuirononts of MWIL- STB-GDD and the $01!ou1ngp-

a. Procedure I - Qualification at the inftial FR level. Level *M® (1.0 .
percent) of FRSP-60 shall apply. Sample unfts shall be subjected to the
qualification tnspection specified fn group VI, table ¥ (see 4.4.2)}. The
entire Tife test Sllg‘l shall be continued on tnst to 10,080 hours. AS
~specified in 4.

Procedure 11 - Extenston of quuliflcttion te louer FR-levels.  To entend.

on calpletion of the 2,000 hour, qunlificaginn tast.

- .qualification to the "P F level, dats from two Oor more voltages within

s style may be combined. For FR ievels "R* and *S*, the following 'styles
of similar construction {see 4.6.1.1) may be combined: CWRD2 and CWRO4;

CWMRO9 and CWR1l;

CMRO6, CWR1IO, and CWR12.

13
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€. Procedure III - Maintenance of FR level qualification, Maintenance

reriod B of FRSP-10 shall apply. Regardless of the number of production
ots produced durfing this pertod, the specified number of unit hours
shall be accumulated to maintain qualification (see & 5f).

TABLE Y. Qualificatfon inspection.

i i .
quirelent, Method l Number of |Number of

Inspection 1/
. . aragraph | paragraph| sample units |failures

——— i, T——— —————— — S ——. =" o, — S——_ — —— S St S} g, e | g b st ]

I | T

]

!

{ | to be inspectedialiowed |
. — . _ 10w

| I {

Group I

Voltage aging (exponential
only, see 3.1) « - - - - - 3
BC lTeakage - = = = = = o o - 3
Capacitance - - - & - - - . |
3
3

e ——

Dissipation factor - - - - - N/A
Equivalent series resistance

{wheh spectfied, see 3,1)-
Yisual and mechanfcal ”

examination- - - - . - . -

"178

Group II

Vibration, high frequency - | 3.10 4
Thermal shock = « =« - - - . | .11 4
Group II1
Resistance to soldering
heat - = e s oees e s - ‘3.
Moisture resistance - - . - 3.

Group 1V ' |

Stability at low and high - l
temperatures -« - - - - - - | 3.15

Surge voltage (exponential
only, see 3.1} « = = = = « 3.16

Group V¥
Life {(at +125°C)} - - - - - -

|
|
|
!
Group VI : {
|
|
}
i

— —— ——; — iy ——

12

v’

18

b

24

4.7.12
4.7.13

3.17 4.7.14

Life (at +85°C) - - - - - - 3.17 -4,7.14 102

£.7.15 |} '
: | 10 0
4.7.16 |

-~
L] L]
~~
.
-0
P .
A S e S S — A — ———— i —. — — s S S B el ———'——-—:—.—m_—
S .
e e . o o e . o S e S e e S e, P s R R, s s . e e e, s, e e e, . o e

3.18
Resistance to solvents

I
|
|
|
i
|
|
}
]
i
|
i
|
[
e
(when specified, see 3,1)-| 3.19 |

1/ For qualification of design changes only, manufacturers may submit Weibul)
data instead of groups Y and ¥I test data,

14
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4.4,4,1.2 MWeibull. Wefbull FR qualification wil) be granted only to
sanufacturers who have achieved FR level P for any capacitor style covered by
this spec1f1cation or by MIL-C-39003 in accordance with 4.4.4.1. ). To extend
qualification to Include Weibull- FR levels. the manufacturer shall demsonstrate
the capability of Weibull FR grading {(see 4.7.17) to the qualifying activity.

1f, during two consecutive reporting periods there has been no production of the
louest Weibull failure rate level for which the manufacturer is qualified, the
manufacturer may be required, at the discretion of the qualifying activity, to
submit a product of each style to testing in accordance with the qualification
inspection requirelents. Fatilure to moeet this requirement shali result in a loss
of the manufacturer’'s failure rate %o the lowest failure rate last demonstrated,

4.4.4.2 Quality leve) verificatibn. The contractor 1s responsible for
establishing a quality system to verffy the PPM defect level of lots that are
“subjected to subgroup 2 tests of the group A inspections. The PPM defect lTevel
shall be maintained for each specification sheet. The PPM defect leve) shall be
based on a 6 month moving average. The contractor shall verify and report
}?dividg=; P?N categorfes {(1.e,, PPN-2, and -3) and an overall PPM defect level
e., -

&4 .4,4,3 None llancc The contractor shall notify the qualifying activit
when the 100 eve s reached ar exceaded for PPN-2. The contractor shal
provide sufficient tnformation to the qualifying activity doculenting the causes
"of “the probles and what corrective iactior 1s being ‘taken, ~"Faflure to correct
this problem shall be the basis for removal of the affected product from the QPL.

4.5 Vverification of gualification.” Every 6 months, the manufacturer shall
compile a summary of the results of quality conformance inspections and, where
applicable, extended FR test data, in the form of a verification of qualification
report, and forward it to the qualifying activity as the basis of continued
qualffication approval. 1In addition to the periadic submission of FR test data,
 the manufacturer shall immediately notify the gualifxin activity whenever the FR
‘data Tndicates that the manufacturer has failed to maintein’hls qualified
tevel.. Continuation shall be based on the evidence that, over a 6-month period.
the following has been aet: . .

a. Verification by the qut11fying activity that the manufacturer has met
the requirements of MIL-S5TD-790.

b. The manufacturer has not modified the design of the item. Change in
design includes, but is not 1imited to, any change of materials or
_procesies. : ) o . " .

€. The specification requirements of the ite. have not been: nlended 80 as
"to affect the character of the ftem. _

d. Lot rejection for group A ‘does not exceed 5 percent or one lot,
whichever {s greater; not applicable to table ViIl.

¢. Requirements for group C are wet.

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

g. The records of atl Nefbull 1ife FR tests are suullrized for each
specification sheet, stress level, and acceleration factor {see table

VI). '

=18
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TABLE ¥I. MWeibull grading faflure rate summary.

Burn-in test voltage Manufacturer
Yoltage stress level " Location
Acceleration factor Military style

l!eibul11nol1nal[aated Quantity| Date [Quantity 0uantity‘0ur5tionlaeta z FRL

|inspec-|capaci-| dc |started |placed| of 2 of end |{real | rate |being
tion |tance |volts | on | hours | of test| time |} $/K  |tested|
1ot value | test |initial jfajures | test | hours|to i
number failures hours) |

S

s e s e e
e
e

e e e e

—
ey
e el —

16
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h. The contractor shall provide documentation to the qualifying activity

pertalnin? to PPM calculations, 1ncluding numbers of part types tested,
individual PPM defect categories (i.e., PPM-2 and -3) and the overall
PPM defect rate (PPH-5). . This {nformation shall be submitted on a )
specification sheet basis. A

If group C requirements were not met and the manufacturer has taken corrective
action satisfactory to the Government, the forwarding of the verification of
qualification report msay be delayed until 30 days after completion of retesting
of the perfodic quality conformance tests. In this case, the qualifying sctivity
shall be notified of this condition within the time that the original version of
the verification of qualification report was due. Al% reports shall be certified
by a responsible company official. The qualifying activity shall be contacted
for the report format, S o . oo
If a group C test requires a comparison of "post-test” readings with fnitial
readings (delta measurements), the verificaticon of qualificatfon summary shall
inctude the wmaxisum and minimum delta changes for each 1nspectfon Yot. -For 1{fe
test:n , delta C readings shall be reported at each fnterval in which readings
are takasn, o '

Fatlure to submit the report within 30 days after the end of each 6-month period
may result in loss of qualiftcation for the product. In addition to the perfodic

1 N

submission of inspection data, the suppliier ;ng;i;illedigtoiyjn tify the
quatifying activity at any time during the €-month period that thé inspection
dats indicates failure of the qualified product to meet.the requirements of the
specification, -~~~ . TN L T

shall be submitted certifying that the company still has ths capabilities and
facilities necessary to produce the ftem. If during three consecutive reporting

Ir the event that no production occurred during the reporting period, ‘& report

" periods there has been no production, the manufacturer may be required, at the

discretion of the qualifying activity, to submft a representative product of each
style to testing 1n accordance with the qualification fnspection requirements.

4.6 Quelity conformance inspection! -

4.6.1 Inspection of product for delivery. Inspection of product for delivery
shall cons!sg of groups K and C ITnspections. However, shipment need got be held

pending the results of group C tests.

4.6.1.1 Inspection and production Jot.

4.6.1,1.1 Inspection lot {exponential distridution). An inspection ot shall
consist of capacitors o ¢ tase specitication sheet (see 3.1), fros the same
production 1ine or Tines, of the same basic design, produced under essentially
the same conditions, and offered for inspection during a single month.,
Capacitors of the same specification sheet must be maintained to at |east the ¥
level. The capacitance values and voltages produced shall be represented in the
lot in approximately the ratio of production. VYoltage groups shall be as foliows:

] « = = = = = e e 4 e e m e ee .- = 2 to 20 volts inclusive
Il « o @ o 2 @ = = @ = = = = = « = ® = = 25 to 50 volts fnclusive

4.6.1.1.2 Inspection lot (WNeibull distridution). An inspection lot shall
consist OY"capacgEBrs o7 the Eing_sﬁuc*?lcailon sheet {see 3.1}, voltage rating,
design, and nominal capacitance rating produced 1n the same case sixe, ' -
Manufacture of all parts in the Jot shall have been started, processed,
assembled, and tested as a group. Lot fdentity shall be saintained throughout

the manufacturing cycle. A1) anodes shall be fabricated from a single
{identifiable powder lot.

17
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4.6.1.1.3 Production lot, A production lot shall consist of all capacitors of
the same style lno%e: styleés CWRO3 and CWRDO4 may be combined), volta?e ratin?.
nominal capacitance value, and termination finish, Manufacture of all parts 1In
the ict shall have been started, processed, assembled, and tested as a group.
Lot identity shall be maintained throughout the manufacturing cycle. A1l anodes
shall be fabricated from a single identifiable powder lot,

4.6.1.2 Group A inspection. Group A inspection shall consist of the
inspections specitied gn TabTe YI1 or YI1l, and shall be made on the same set of
sample units, in the order shown.

4.6.1.2.1 Subgroup 1 tests.

§.6.1.2.1.1 Exponential. Subgroup 1 tests shall be performed on a production
1ot basis on 10U percent of the product supplied under this specification,
Capacitors failing the tests of subgroup 1 shall be removed from the lot, 1If,
during the 100 percent inspection, screening requires that more than 5 percent of
the capacitors be discarded dus to catastrophic or dc leakage failures, the
entire 1ot shall be rejected. '

4.6.1.2.1.2 MNefbull. Subgroup 1 tests shall be performed on an inspection lot
basts (see 4.6.T.1.2) on 100 percent of the product supplied under this

specification. Requirements for the infant mortal reraod and Weibull faflure
rate level grading shall be 1n accordance with 4.7.17,

4,.6.1.2.1.3 Manufacturer's production inspection. If the manufacturer
performs tests equal to or more stringent than those specified in subgroup 1 of
table YII or YIII, subgroup 1 of group.A inspection may.be wajved and the data .
resulting from the manufacturer's production tests may be used instead as the
final step of this production process. Authority to wajve the subgroup 1
inspection shall be granted by the quaiifying activity only. The following
criteria shall be complied with: ‘ '

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

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

c. The parameters measured and the faflure criterta shall be the same or
more stringent than those specified harein,

d. The lot rejection criteria shall be the same or more stringent than that
specified herein,

e. The manufacturer shall make available all information concerning the
test procedures and instrumentation used 1n his production tests. This
data shall be provided as part of the evaluation required for
MIL-STD-790, The manufacturer shall also make avaflable to the
Government all records of all detafil test data resulting from the
productfon tests.

f. Once approved, the manufacturer shall not change the test procedures or

criteria without prior notification and concurrence by the qualifyinp
activity. .

18
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TABLE VI1.' Group A inspectfon (exponential gigtribution).

T e TR AETTes ' ZMpTTng
| Inspection 1/ parsgraph |methed | procedure |
| : .. .. lparagraphi - !
1 1 1 |
} Subgroup 1 % | {
=Vo1tage aging - = - « - = = = - = - 3.6 ; 4.7.3 I 1005 inspection :
l Subgroup 2 (PPR) i l .o {
'0c Teakage (PPH-2) = = = = = ==l 3.1 .} &7.4 1) I
ICapacitance (PPM-2) - L'- - <= - -] 3.8 1 4.7.8 '} Rt R
IDissipation factor (PPM-2} - - - -} 3.9 i 4.7.6 1L - See - b
|[Equivalent sertes resistance (ESR)-| e S _ "~ table IX |

(when sgecified. see 3.1) (PPM-2}] 3.13 4,7.10 | o |
|Hechan1ca examination (PPH-3)- - -= 3.5 | 4.7.2 . 1
: _ Subgroup 3 i i } ‘
jVisual exemination ‘ o g
l Materfals - « - = - 1= = P v =0< 3.4 4.7.2 | Amawar =
| Ph};ic;i:&ihnnsions c e e . 3.1 - st ET g
f ' : ' : ' 1y 13 samples)
1 Marking - = = = = = el= = = = «'= 3.21 0 faflures! -
% Workmanship - = = - = = = = = - = I 3.22 1
[Stablifty at low and high | , \
| temperaturese ~ « - «. - - - - - - 3.15 4.7.12 13 samples |
‘ T £ o "0 fadluresl
I Subgroup 5 : i RO
ISurge'bofiiidm; oD d T s 4.7.13 107 13 semples|
I | © - 0 fafturesl|
: Subgroup 6 | : { l
|So1derabilfty 2/ - = = = = = = - = | 3.18 4.7.15 | . 13 samples|
i - k- L P ¥ 0 fatturest

distribution).
2/ WNot applicadle

19
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TABLE ¥I1l11. Group A inspection (Weibull distribution).

i : o [Requirement|Test T Tamp 11 ng 'l
| Inspection |paragraph |[method | procedure I
| } lparagraphli ]
] R ¥ ] ] |
5 Subgroup 1 I } H =
{Life (accelerated . | | | |
: failure rate} 1/ - - = = = « o - } 3.20 _{ 4.7.17 ‘ 100% inspection ‘
: Subgroup 2 (PPM) l : I l
10 Teakage (PPM-2) - b - s o -l 3.7 .1 4.7.4 RN R
| Capacitance (PPM-2) = = - = - = «~ -] 3.8 Sl 4075 . . o
IDissipation factor (PPH-Z] - - - =i 3.9 | 4.7.6 | See |
|Equivalent series resistance (ESR) | | L tabie IX |
| (when specified, see 3.1) (PPM-2)] 3.13 4.7.10 |
inechan1cal examination (PPM-3). - } 3.5 : 4.7.2 : :
l Subgroup 3 : | | |
| visual examination . . .
Materials - - - - - .- = = = m - 3.4 4.7.2
Physical dinonsions,-i ----- Q- 3.1 ,13 samples|
| Marking. - - - - - - fe o = mom oo I 3.21 ‘B faflures]
ll Workmapghip x - - - -i- - - - - : ’I c3.22 o = . =
= Subgroup 4 ‘ { I ’ } 7 :
IStability at Yow and high | I [ | |
| temperatures - - - - « - - . - - | 3.15 | 4.7.12 | 13 samples
| | | i 0 faflures
= .. Subgrowp 5 N I ; . %
[Solderabilfty "2/ - o = = - - - Lol 3.18 f 4.7.15 |}- , “,13 sa-p1es|
| J "0 fa¥luresl

i/ Exsmptl Trom percen
or purthase order,
2/ Not appiicable to gold plated termination finishes.

; rejects sha

TABLE IX. Sampling plans for PPM categories.

hﬁm' Lot size ”i Sample size
{ 1 - 12§ ;i 100 percent
' 126 - 3,200 i 125 l
3,201 - 10,000 200
10,001 - 35,000 315
35,001 - 150,000 500
150,001 - 500,000 ' 800
500,001 - up 1,250

20
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4.6.1.2.2 Subgroup 2- tests { PPN catogortes).

4,6.1.2.2.1 Sam 11n lans. Subgroup 2 tests shall be performed on an
inspection lot Snsgs. Samples subjected to subgroup 2 shall be selected in
accordance with table IX based on the size of the 1nspection lot:: In the event

of 1 or more failures the Yot shitl be . rejected. Equipment and opesrators used to
perform the subgroup 2 tests shall not. be-the same :as those used 1n the subgroup

1 100 percant tests.

4.6.1.2,2,2 Rejected lots. Tho reJected lot shaII be segragated from new lots
and those lots a ave passed inspection. The rejected 1ot shall be 100
percent inspected by those quality characteristics found defective in the sample
and any defectives found removed from the lot. A new sample of parts shall then
be randomly selected in accordance with table IX. If 1 or more defects are found
in this second su-ple the let sholl be; rojectod lnd shaIl aot be . supplicd to the

specification., . . N TR ‘ oo

4.6.1.2.2.3 PPN calculations. PPM ca1cu1lt1ons sha11 be‘based on the resu]ts

of the first sample check as prascribed inm 4.6.1.2.2.1. Calculations and data
inclusion shall be in accordaace with E1A-554, . (Note: PPM calcu1ations shall not

use data on the second sample submission). o

4.6.1.2.3 Subgroups 3 and 4 tests. Subgroups 3 and 4 shall-be performed on:an
inspection lo¥ BasTs. Samp11ng Tn E ection sha11 ba 1n tccordance uith tab]e VII
or table ViIl. ‘

4.6.1.2.3.1 Io;octed lots. Tho PGJICth lot fru- either subgroup shnll ho
segregated 'from new Tots and. those lots which have passed inspection.’ 1f a lot
1s rejected, another.l3. sl-ples shall. be {nspected. . 1f the second s|-y1c lot has
one or more .fatlures, the entire.preduction:.lot shali. be rcjcctod and shcl] aet. .
be dolivtrcd on the contract .or purchasuiorder. o

4.6. 1 2.4 Sub!roug 5 test (exgonential onlz).- Subgroup 5 test shuil be
performeﬁ wit units froa e subgroup or 4 tests, with no faitures allowed.

4.6.1.2.4.1. Ieicctod lots. Th- rtjactod lot shl11 be sogregltad fro- neu loms;
and those Jots whic ave passed inspection. If a lot is rejected, another 13
samples shatl " be inspactad. I1f the-3econd sampie Jot has-oas oOr -wore: fatlures,
the entire production let' shl1l be rejected -and shall aot be - de!ivertd on thc
contract or purchls! order. .

4.6.1.2.4,2 -Disposition. of sampile units.J Sauplc units which have been .
subjected to subgroup B sha 11-no¥ Be deTivered on the contract or purchnse order.

4.6:1.2.5 Suhgroup 6 (l:ponontia1 onlyl or suhgruup 5 (Heibull on1yi ) )
(solderabil!gyl;. T ST

4.6.1.2.5. 1 lin lcn. Thirtoen snlples shall bo»solected rnnnnnly frol. ‘
each 1nspection IoE. as 5 TTned in 4.6.1.1, and subjected to the solderadility

test. The manufacturer may use electriccl rejects from the subgroup. 1l screening
tests for all or part of the ssmples to be used for solderabiiity testing. Af
there are one or more defects. the 10t shall be considered to have failed.

(]
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4,6.1.2.5.2 Rejected lots. If there are one or more defects, the inspection
Tot shall be rejected. The manufacturer may use one or more of the following
options to rework the lot:

8. The individuel production lot, or 1ots. from -hich the defect originated
shall be individually subjected to the solderability test as reguired in
4.6,1.2.5.1. Production lots that pass the solderabflity test are
available for shipment. Production lots that fail the solderability
:esf rny be reworked only 1f they are subjected to so1der dip procedure

n "b*.

b. The manufacturer shaii submit the failed Tot to a iﬁﬁ percent
reprocessing of the termination finish in accordance with 3.5.2.1.1.
Thirteen additional .samples shall then be selected and subjected to the
solderability test with no defects allowed. If the 10t fafls this
solderabflity test, the 1ot shall be considered rejected and shall not
be furnished agninst the requirenents of this specificetinn.

4.6,1.2.5.3 Dispostition of samples. The solderability test is:considered a
destructive test and.-samples subjected to the solderabiiity test shall not be-
supplied on the contract. . P ‘ .

4,.6,1.3  Group C inspection. Group C inspection shall consist of the tests
specified i capie X, 1n the order shown. 6roup C inspection shail be made on.
sample units selected from inspection lots which have passed group A inspection;
houever. sanple units subjected to surge vo1ta9e shal1 nhot be used.
o ol R L AL Y B

4.6.1. 3 1 Salglinﬂ glan. There sha]l ‘be 89 sanple units of each :pac1ficat1on
shaut taken fros production every 2 months and subdivided.as specified for the
siubgroips Visted in tabie X and subjected to the tests specified in those
subgroups, 1n the order shown. The maximum and minimum case 3izes manufactured
during that month shall be rerresented in the sample fn at least the approxiuate
ratio of product1on. Alloweble failures shall be as specified- in table X,

4.6.1,3. 2 Disgositio of sngg'e units. Saap\e units which have been subjected
to group C spection snaill Rot bé geiivaerad on tne contract.or. purcnase order.

4.6.1.3.3 Nonco- liauce. If . sn-ple unit fails to plss group C 1nlptction..s
the supplier 3hal i’ %l!e corrective action on the materials or procosses,; or both,
as warreanted, and on all units of product which can be corrected and which were
manufactured under essentially the same conditions, with essent{ally the same
materials, processes, etc., and which are -considered subject to the same

failure, Acceptance of the product shall be discontinuéd until corrective
action, acceptable to the Government, has been taken. After the correctfve
action has been teken, group L inspection shall be repested on additional sample
units (all inspections or the inspection that the original sample fafled, at the
option of the Governnent) Group A fnspection may be reinstituted; however,
final acceptance shall be withheld until the group C reinspection has shown the
corrective action was successful. Irn the event of fatlure after reinspection,
information concerning the fwilure and corrective action taken-shall): be furnished

to the cognizant inspection activity and the qualifying activity.
4.6.2 Inspection of packaging. Thé sampling and inspection of the

preservation, packing, and conisiner marking shail be in accordance with the
requirements of MIL-C-35028.
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Tanl B ¥  Luounan P dmsmanbdan
IR = g -y vup w l|"P“‘hl"ll‘
[ T H T Number of { Rumber |
| Inspection |Requiresent! Method | sample | of |
i | paragraph | parasgraph| units to bel failtures
% I inspected allowed
| 1 o
[ Subgroup 1 | | I 3 i
I : ' ] | I~ I
Yibration, high frequency - -| 3.10 4.7.7 ] 12 R
i Thermal shock - - - - - - - -} 3.11 4.7.8
i Subgroup Il i ' ! < 1 !
l Resistance to soldering... . .1 . .. . L ... 14 . ‘ N
heat-, « ~ = = = » = == ~ =}, - 3,12 | 4.2,)9 1L .. 18 . A1
} Mofsture resistance - - -« - -] . 3.14 c4,7.11 - { : » :
Subgrongjlli‘ﬁ . ‘1 ni P | --:d
| Life (2,000 hrs at | | | |
| *125 C)= = = o = & = o - o] 3.17 =-4.7.1& _i 24 I 1 }
Subgroup 1V ' | | | |
| 1 I i
Life (10,00 hrs at +85°C) | S IR N
' FR (exponential only)- - - .n | 4.7.14,1 | 25 mintsum | See
, R T 1 oo oo s ] per style, 4.4.4.1
| Subgroup V¥ | | R |
I | } ] !
| Resistance to solvents i : i . i i |
: (when specified, see 3.1)-: 3.19 l 4.7.16 : 10 ]

4.7 Methods of inspection.and test.

4.7.1 '‘Mourting for testing. -Mounting s optional for test envirenments;
however, when specified 1R the test procedures, the chip capacitors shail be .
mounted on a suitable substrate {e.g., 96 percent alumina or FR4 -glass :epoxyl.
The substrate material shall be such that it shal) not be the cause of, nor
contribute -to, failure of any test for which it may be used. The capacitors -

shall be mounted on the substrate as follows:

a. A substrate shall be prepared with metallized surface land areas of
proper spacing to permit lountin? of chips by soldering the terminations
of the chips to the "test card” Tand areas. o o

b. - Solder paste, type "R" or “RMA®, in accordance with QQ-$-571, shall be
applied tec terminals and substrates as appliicabie. B

¢. The chip shall then be placed across the metallizad land areas of the
‘test substrate 50 45 to make contact between chip and substrate land

areas.

d. The substrate shall then be placed in or on a suitabie heat transtfer
unit at a temperasture of 135 #15°C for 1.0 20 1 minute. The substrate
shal) then be placed upon or enter the 245 5 C hot-plate or tunnel
oven. The substrate shal) remain on the .hot-plate or tunne! oven at 245
. #5°C until the solder paste melts and reflows forming a homogeneous
solder bond to the metallized substrate. . : .

e. A1l excess flux or solder shall be removed.

™.
.
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4.7.2 Yisual and mechanical inspection. Capaciters shall be examined to
verify that the materials, desfgn, construction, physical dimensions, narking
gnglwork:cgsgzg are in accordance u1th the applicable requirements (see 3. 3.5.

. an

4.7.3 Yoltage aging (exponential only) (see 3,.6). Capacitors shall be
subjected to & ninioul of 153 percent of dc rated voltage for 40 hours, minfwmum,
at a temperature of B5°C «6°C. The voltage aging circuit shall have a series
resistance of 3.0 ‘ohms, maximum. Capacitors shall then be stabfliized at room

temperature and the dc lezkage, capacitance. and dissipation factor shall then be

weasured as specified in 4.7.4, 4.7.5, and 4.7.6, respectively. o
4.7.4 DC leakage (see 3.7). OC Teakage shall be measured using the dc rated

voltage +Z parcent at the -applicable test temperature (see 3. after a . maxtsum

electrification pericod of 5 minutes. A 1,000 ohm resistor shalf be placed in
series with the capacitor to 1imit the cbarging current. A steady source of
power, such as & regulated power supply, shall be used. Unless otherwise
specified (see 3.1), measurement accuracy shall be within %2 percent or 0.02
microampere (uA), whichever is greater (see 4.3.3).

4.7.5 cCapacitance {(see 3.8). Capacitors shall be tested in accordance .with
method 305 of RIL-STD-202. Unless atherwise specified (see 3.1), the following
details shall appiy: , A

a. Test frequency: 120 +5 hertz (Hz).

b. Limit of accuracy: Measurement accuracy shall be within #2 percent of
the reading.

€. Magnitude of polarizing voltage: Maximus dc bias -shell be 2.2 volts for

¢11 ac measurements. The magnitude of the ac: valtagc:ahlll.he Timited
to 1.0 volt root mean square (ras). o

4.7.6 Dissipation factor {see 3.9)., The dissipation factor shall be  measured
at a frequency of 120 5 Hz (unless otherwise specified, see 3.1) by means of a
polarized capacitance bridge. The bridge shall provide a dial reading of 0.1
percent dissipation factor and a measuring accuracy of {2 percent of the
measured dissipation factor pius 0.1 pcrcont)

4.7.7 Yibration, high fregquen (scn '3.10). Capacitors sha11 be tested in

accordance w he following detatls and exceptions
shall apply:

&. Mounting of specimens: Capacitors shall bc'noUnted on a sutstrate as
specified in 4.7.1. o ‘ ' ’ '

b, Electrical-load conditifons: During the test, the specified dc rated
voltage (see 3.1) shall be applied to the capacitors.

¢c. Test condition letter: D(20 g).

d. Duration and dfrocticn of motion: 4 hours in each of two mutually
perpendicular directions (totn? of 8 hours), one parallel and the other
perpendicilar to the axis.

e. Measurements during vibration: During the last cycle, electrical
measurements shall be made to determine fntermittent open or short
circifts. Intermittent contact and arcing shall also be determined.
Detecting equipment shall be suffictently sensitive to detect any
interruption with a duration of 0.5 millisecond (ms), or greater.
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f. Measurements after vibratfon:. Mot applicabie. .

g. Examfnation after test: Capacftors shal’d be visually exaamined for
evidence of wechanical damage.

4.7.8 Thermal shock {see 3,11} Capacitors shall be tested 1n accordance with
method 107 of HI[-STU-!UZ. The ?oIIowing detafls and exceptions shall apply:

4, Mounting of s ecimens: Capacitors shall be mounted on a substrate as
specified In 4.7.1, :

. Test condition ieiter: &.

¢. Measurements after thermal) shock: OC leakage, capacitance, dissfpation
factor, and ESR (when specified, see 3.1} shail be measured as specified
in 4.7.4, 4.7.5, 4.7.6, and 4.7.10, respnctively.

d. Examination after test: Ciiié tors shail be visuaily examined for
evidence of harmful corrosfon, mechanical damage, and ob!itoration of
marking (if appiicable). o o _ B .

4.7.9 HResistance to soldering heat {see 3.12). Capacitors shall be tested in
accordance with method 210 of li[—!fﬂ-!ﬂ!. The following details and exception
Sndi 1 &ppiIy: . ' '

a., Mounting of specil ns: Capacitors shall be mounted on & substrate using
the methods ¢f 4.7.1, except the post pre-heat hot-g?ate tenperatures
shall be 260 45°C for a durntion of seconds 40 second. ..

b, Ressurements prior to test: O leakage, capacitance, and dissipation

- factor shall be.measursd as spic{fie: tn 4.7.4, 4.7.5, and 4.7.6,
respectively. . . .

¢, Test condition letter: C,

¢, Post test condftfoaing: The cspacitors shall be inserted fn 2 vapor
degreasing apparatus containing bofling 1-1-1 trichioroethane for 1.5
+0.5, -0 mfnutes. The parts shall then be cleaned with 1sopropyl
alcohol. ' . .

¢. Measurements after test: After completion of the cleaning process and
following a minimum 3-hour cooling period, the dC leakaga capecitance,
and diss?pntion factor shal? be measured as specified in 4.7.4, 4.7.5,
and 4,7.6, respectively,

f. Examination after test: Capacftors shall be visually examined for

evidance of mechanical damage,

4.7.10 Equivalent serie rosistance ESR) (when specified, see 3.1)(see

Th a ¢ applicable

3.13). Tectiy or
e er-ined from measurements obtained from.a bridge. The following détails shall

apply:

L} L J
Test tempe +25°C o5°¢C

Test frequency: 100 kHz #5 KNz

Limit of accyracy: Measureament lccurlcy shall be within 5.0 percent of
the reading, , .

Magnftude of polarizing voltage: Unless otherwise specified (see 3.1),
the maxfmum dc bias shall be 2.2 volts for all ac loasur-nents._ The
magnftude of the ac voltage shall be limited to 0.5 volt rms maximus.
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4,7.11 Moisture resistance {see 3,14}, <Capascitors shall be tested in
accordance with method 105 of WIL-310-202. The following details and exceptions

shall apply:

a. Mounting of specimens: Capacitors shall be mounted on a substrate as
specified 1n 4.7.1,

b. Initia) measurements: Capacitance as specified 1n 4.7.5,

¢. Number of cycles: 20 continuous cycles except that steps 7a and 7b
shall be omitted.

d. liLoading voitage: ot appiicabie.

e. Final measurements: After removal from chamber, capacitors shall be
dried for 1 hour at room temperature and, within the next hour, dc
leakage, capacitance, disstpation factor, and ESR {when specified, see
3.1) shall be measured as specified in 4.7.4, 4.7.5, 4.7.6, and 4.7.10,
respectively. : ‘

f. Examination éfter test: Capacitors shall be visuzlly examined for
evidence of harmful corrosion, mechanical damage, and obliteration of
marking (1f applicable), :

$./.12 >tapiiity at low and high temperatures (see 3,15), Capacitors shail be
dried at + or s -U Minutes, prior to start o est. DC leakage,
capacitance, and dissipation facter ghall then be measured as specified in 4.7.4,
4.7.5, and 4.7.6, respectively, at each of the temperatures specified in table
XI, except that dc leakage measurements at -55°C (step 2) are not required. ESR
{when applicable, see 3.1] shall be measured at staps 1 gnd 6 as specified in
§.7.10. The capacitors shall be brought to thersal stability at each
temperature. Thermal stabflity will have been reached when no further change in

capacitance 1s observed between two successive measurements taken at 15 +2, -0
®inute intervals,

TABLE X1. Teamperature for stability test,

Step Test temperature
| (°¢)

+25 22
-55 +g0, -3
+25 *2
+85 +4, -0 i
| +125 +4, -0 ]
} +25 %2 1

4.7.13 Surge voltage {(see 3.16). Capacitors shall be subjected to 1,000
cycles of ¢ applicabTe surge voltage gpecified in table I. The ambient
teaperature during cycling shall be +85 C 45 C., Each cycle shall consist of a 30
+2, -0 second surge voltage application followed by a 30 +2, -0 second dfscharge
perfod. VYaltaoe application shall be made through a resisztor of 23 ohmg. The
tolerance of the resistor shall be #5 percent. Each surge voltage cycle shall be
performed in such a manner so that the capacitor {s shorted terminal to terminal
through a copper bar, or an equivalent low resistance at the end of the 30 +2, -0
sacond application. An alternate method of shorting the capacitor 1s teo
discharge through the same resistance that ts utilized for charging. After the

Final aumala tha ~anantitamns ¢chall ha stahildsad at +ha {nenartian randi+rinne
FITIE] LYUIE, Wit CEPECTIVUTS 501 . OF Fvad i 1 1ATT wv % THIFEL IV Leliuswiviie

specified 1n 4.3, and the dc leakage, capacitance, dissipation factor, and ESR
{when specified, see¢ 3.1) shall be measured as specified in 4.7.4, 4.7.5, 4.7.6,
and 4,7.10, respectivaly.

o — e ol e il
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4,7.14 Life (see 3.17). Capacitors shal) be tested in accordance with method
108 of MIL-STD=ZU0Z." The following details and exceptions shall apply:

a. Method of mounting: As specified in 4.7.1.
* mam P Vamamemse B
L] I - E.

A e
IU =V ITrans.

[ - [
Jést temperatire a

(1) For qualiffcation: Capacitors being subjected to the test of group
Y of table ¥ shall be tested at +125°C +4, -0 C, Capacitors being
sgg;gcted tg.the test of group V! of table V shall be tested at
+ +4, -0°C.

{2) For g roup c (3.000 hours proof): Capacitors shall be tested at

*125 c "4. -0 Co [ 3 I

c. Opesrating conditions: A minimum of dc rated voltage (see 3.1) or a
siniaum of derated voltage at +125°C (see tadle 1), as applicable, shald
be appifed gradualily (not to exceed 5 minutes either by & siow buildup
of the voltage or through a resistor which shall be shorted out within §
minutes). VYoltage shall be applied continuously, except for measureament
periods. The impedance of the voltage source, as sean from the
terminals of each capacitor, shall not exceed 3 ohms. Storage batteries
or an etlectronic power supply capable of suppling at least 1 ampere when
a capacitor 1s shorted shall be used.

v © % ' .

d. Test condition letter: F (2,000 howrs}. . = .

e. Hédsu#cnents duriﬁg éxposure: be 1enka§"it the applicable high test

temperature shall be measured as specified in 4.7.4 at 0; 240 +48, =0
hours; 1,000 +48, -0 nhours; and 2,000 +7¢, -0 hours.

f. Measurements after exposure: Capacitors shall be returned to the
inspection conditions specified in 4.3, and visually examined for
evidence of mechanical damage; dc, leakage, capacitance, and dissipation
factor sha)l be measured as specifted in 4.7,4, 4.7,5, and 4.7.6,
respectiively. . T R S S B S A T R IR LR U B

4.7.14.1 Extended. 1ife (exponential only). Capacitors shall be tested as
specified in 4,7, s tes emperature shall be *+85°C-+4, -0 °C, and the
duration of the test shall be 10,000 hours. DC 1eakage shall be mmasured as
specified 1n 4.7.4 at +85°C at 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. Final measurements shall be in accordance with 4.7.14f,

4.7.156 Solderability (see 3.18). Capacitors shall be tested i accordance
with method 208 of RIL-STD-20Z. Wounting surfaces shall be dipped to. cover the
nora:l mounting surfaces. After the test, the solderabie surfaces shall be
examined, .7 - - )

see 3.1) {see 3.19).

4.7.16 Resistance to solvents {when specified
02. The

Capactftors sha e teste n accordance w
following exceptions shall apply: ‘

‘a. Brushing is not required.

b. Measurements after test: DC leakage, capacitance, dissipation factor,
" and ESR (when spectified, see 3.1) shall be:measured as specified in
4.7.4, &4,7.5, 4.7.6, and 4.7.10, respectively. ;
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4,7.17 Meibull FR level grading {(see 23.20).
accordance w STD- .
shall apply:

Capacitors shall be tasted in
he following detafls and exceptions

a. Distance of tempersture from specimens, in inches: Not appiicable.
b. Method of mounting: Capacitors shall be mounted by their terminations.
¢. Test temperature and tolerance: +B5°C +4°C, -0°C,

d. gernt1ng conditions- Accoloratcd de voltagc as applicablo (see table

v |

nlll’. Ull!lll D' .ll]lll'll 'TIUUII IJ IIIUI- EU CALETU U lllilu"i DJ‘ l “l‘ﬂ'
‘bulldup of ‘she voltn?o)au Naxiwum scceleration sml)-be 20,000:1.
Voltage shall be appiied continuously except for fatlure count periods.
The impedance of the voltage source, as seen from the terminals of each
capacitor, shal) not excesd one ohm. An electronic power supply capable
of:! supp1ying lt 1|lst 5 alperes uhen ‘a capacitor 13 shortcd sha11 be
used.

e. Minimym sample s{ze for -onitoring at the beginning of test prior to
1nf|nt lortul period 300 plocos. or 100 pereout. whichever 1s less.

"«f:%'nuration of test:’ 40 hours -111-»:."rv%:‘~=1*4 e ey "}

TR . T S SR T R S ]

Timing: Infant mortal perfod xl . Xp '
» . R : SN il T
L IS WYNULES 4 ﬂtﬁ?s 30 hours
o ) laxinu- ce o : -1n1aul : lin1lu-
. Failure definii:iu n: A failure is defined as & dbiown fuse or equivaient. w

o [~-]
H

‘Fatlure count during:test: The.lot size {(see 4.6,1.1, ‘2) to be grnded is

“astabTished lftdr ‘rembvdl .of ‘gross 'defective (tntant’ -orti!ityl (18

- minvtes maxfwum).  The firtt faflure count shall "be:performed at least 2
Mowrs after the test wis stavted,  Thé nuibat 6 blowh fuses “¥nd the
time under test shail be racorded to within %0.1 hour. -Calculuve the
fraction fafled, gbq at time x31 so: equation 4 (6.7.2).
Option111y. NIL-STD.850, table" tt'r $P-90 may 'be used to compute the
fatlure rate based on accelerated part hours gencrated when € « 0 {see
examples A and 3, and 6.7.2).

f. Failure count after test: A failure count shall be. performed after 40
hours minimum after the. test was started.: Tha nusber .of.blown fuses and
the time under test shall be recorded to withfn 40,1 hour. Calculate

"%ho t:Tulativo fraction: fnllou. pga lt tdno x;. aoe equ.tion & o
6. - PO . 1 R 4 (TR IS : TR | I - “

v - : _‘:M.’.g‘ (LAY

J. Lot flilure rate* Deterline Z(t) fron equation 3 (6 1 1). If tﬁdy
desired failure rate has been achieved, the Jot may be removed from test.

k. Continuation grading: If the desired failure rate has not been resached,
the 1ot may be continued on test. The time to reach the failure rate
goal may be determined from eouation 5 [6.7.2), 1f the time calculated
to reach the goal faflure rate 1s excessive, the lot may be discarded in
flvor of a nau lot.

1. Wessurements after. -xposure"'C|bacitors shall be removed from the test,
be stabilized at room ambient conditions specified in 4.3, and the dc

laskage, ennnr’ltane. and digtinnt‘lnn factar thall he -.nnur.d at

:pecified $n 4.7, 4, i.7. 5, and 4.7, G, respectiveT,.

[}
[ ]
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TABLE XII. Normal acceleration factors.

I '
Grading stress i Acceleration l
Vo/¥e I/ ; - factor :-
T |
1.0000 1 1.0000 |
) 1.1000 - '} 6. 5358 b

- 1,.2000 | 42,7128 . |-

- 1. 3000 I 279, 1496 - ! :
1,4000 | 1,824.3823 | i
1,5000 - f 11,923.2626
1.5276 -l 20,000.0000 I

1/ Ya = accelerated voltage.
¥ = rated voItage.

§. PACKAGING

5.1"ﬁadin¥iag-raguifeaeu§s£-'Their;quiro-eﬁti fhr:iiekagiﬁihihi!T be in’
accordance w L= . . '
6. NOTES

{This section contains tnformstion of a geaere!Aer é;alane:ery nature that may
’ . - e . [ B .

be helpful, but 1s not mandatory.)

6.1 .Intended use.: Tantalum chip capacitors are intended to be used in thin or
thick fTTW hybrid circuits or surface mount applications where microcircuitry is

indicated. . ~ .. e, e e e i e

6.2 ‘Acquisition reéyifeients. Acquisition dﬁculentifiust specffy the
following:

a. Title. nulbor. nnd date of.the specification. .

lessue of DODISS to bhe cited in the cn\lritnflnn .and 'lf r-nu‘lrgt_l, the

b
specific 1ssue of ind1v1dua1 documents referenced {see 2.1).

c. Title, number, and date of the tpp!lcab!o spccificltion sheet, and the
© complete type designatiaon (see 3.1).

6.3 Sunnlvina far loofetie cunngrt_ Lhin comnonants rnqulrn uge af

TS P I e

sophisticated equipmen O remove from and “install on printed wlring boards.
Only requistioners with in-house or contracted capability to replace surface
mounted components -should be sepplied with chip components, per their
saecification. ,

[l
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6.4 Qullificction. 1/ Mith respect to products requiring qualification,
awards w e made only far products which are, at the time set for opening of
bids, qualiffed for fnclusion in the applicable qualified products 1ist, whether
or not such products have &ctually been so 1{sted by that date. The attention of
the supptiers s called to this reqguirement, and manufacturers are urged to
arrange to have the products that they propose to offer to the Federal Gevernment
tested for qualification, in order that they may be eligible to be awarded
contracts or orders for the products covered by this specification. The activity
responsible for the qualified products 1ist 13 U.5. Army Laboratory Command;
however, information pertifning 'to qualification of products may be obtained from
3:: n:g:nse Electronics Supply Center (DESC-E), 1507 Wi{imington Pike, Dayton,

o 44, : : L : .

6.5 Standard cngl:itor?t:gns;”.Enuiplent designers ‘should refer to
MIL-STD- . apac{tors, Selection and Use of", for standard capacitor types and
selected values chosen from this spectfication. MIL-5TD-198 provides z selection
of standard capacitors for new equipment design.

6.6 Soldering heat. Caution should be exercised when subjecting these units
dering heat. P

to solderin reheat and soldering exposure times and temperstures should
be held to a minimum. ‘ o b
8.7 FR) ination. Wefbull FR level determfnation s based

on lot B¥y “pep fiformance accelerated :faflure mate life i
testing. For example: e S

2500 Capacitors have a voltage rating (V,.) of 50 V dc;. .

X40 hours Wefbull Tife test at 65 ¥ dc voltage applied (¥,);
X279,1496 - sccelerated factor for Y,/V,. .= 1.3000.

27,914,960 Accelerated part hours. P

‘Ne{bull -FRLs tére deternined from actual:lot parformance data. :Exponential:
FRL determinatfon starts with several production lots which ma¥y be {nctuded
in the same {inspection lot. For example, 4 production lots of 2,500 .
capacitors havtn? a4 volttage rating of 50 ¥ dc are offered for inspection in
o : v v . ST o .

the same inspection. lot.
10,000 Capacitors having a voltage rating (¥.) of 50 V dc;
X40 hours voltage conditioning at 50 d¢c minfmum;
00,000 part hours, however, exponentia) lot voltage condiftioning
' performance data are not used to determime:FRLs. .
R R R T S T LI e B O
110 Sasplies are drawn from the Inspection lot of 10,000 capacitors;
- X2000 howrs: group L iife test et 58.Y.4c voliage applied; ... . .. . )
720,000 part hours, however, data accumulated and used to detarmine
FRLs.
10 Samples selected on completing each grénp-c nnspoeiion;
X5760 hours continuation 1{1fe testing to 10,000 hours;
57,600 rated condition part hours for FRL maintenance.

Expanantia) FRLs are based on the aggregate averages of a few snlpies drawn
from many lots meintained in accordance with NIL-5TD-630.

1/ SD-6, Provisions Governing Qualification, 1is issued for the information of

- applicants requesting qualification of products. Coptes of thig
pubTication may be obtatned from the (ommanding Officer, Naval Publications
and Forms Center, (ATTN: NPODS), 5801 Tabor Avenue, Phiiadeiphia, PA
18120-5099.
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Time .ordered distribution of failures for soltd tantalum capacitors 1s
described by the Weibull equatfon:

Equatfon 1
- I

(CRERTER I

Where: F{x) = cumulatfve fraction failed (p) at time x
x = actual test time

8 = Weibull “shape parameter” (beta)

e = Nefbull "scale parameter

4

This relatfonship may be pIottea”bnunraph paper which is constructed with:1n x
as abscissae and In 1n 1/(1-p) as ordinetes. Auxilfary scales allow plotting x
and p directly. ‘A straight iine {s obtained. The slope of this lipe is s, and

the y-intercept is ~1na. Figure ! illustrates a typical Wefbull! plot.

At any time x, values for s and p can be cbtained and the ot faflure rate 2

(x} may be calculated from squation 3. A second plot of faflure rate versus

time may be drefted .as indicated on figure 2. The slope of this line 1s g-1.
Acceptable capacitor lots always exhibit decreasing failure rate with respect
to time as evidented by a value of p which 15 less than unfty. Sl UL

i . . . I . . o T . ]

6.7.1 Acceleration facters. In brdév to'provide the equivalént of several
thousand hours of testing within a practical time frameé, voltage acéeleratfon 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 nomina) voltage rating. On the Weibull plot, » straight
line, parallel to the line representing rated voltage is obtained. The increased
nusber of faflures indicated by the }ine representing -the higher voltage results
from increased dielectric stress. The slopes {s) of both lines are essentially
the same, but the time (x) required to produce any specified p 15 reduced as
veltage is increased. As a result, accelerstion factors mey be specified which
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 applied
voltage to rated voltage is 1.30, resulting in an acceleration factor (A) of
279. In practical terms, ogeratidn of these capacitors for 1 hour at 65 ¥ dc 1s
equivalent to operation at 50 V dc for 279 hours. This relationship may be
mathematically represented as: ) :

Equation 2

2(t) » Z(Ax) = - & x 8-t 1
e

=X
In conjunction with equation 1, this function may be restated as:

Equation 3

......

2(t) s°F = =8 10 (lep}’ . 10%
T

The 105 factor allows for expression of Z(t) in terms of percent per 1,000
hours when x denotes hours. Table XII {1l1lustrates & rangs of acceleration

factors normally used for Nelbull FR dezermimation.

31 i
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6.7.2 Grading calculations. On the basis of faf{lure counts at x; and x
asg splcifTEI‘THaITTTTTT“THF“!Iope between these points i ca\cnlate& as fo?lous:
Equation 4

“IaIn(1/(l-p )} « InIn{1/{1-p ))
B = 2 1

The faflure rate at time xp 13 then determined trom equation 3:

-8 1n(1-pzl X 105

F, =
2 m—
sz

1f additiona) grading time 1s required to reach the desired faflure rate, the
required time xg may be determined as follows:

Equation 5
InF - 1InF
2
Inxg = 9 MIRLLY
o s -1 L '
Equation 6 C -
C . . Dy
A = 7.03412025x10"9 {18.77248321 x _a )
R . . . ) r
A Acceleratidn factor

e » Natural logarithas Coa
Va = Accelerated voltage ...y ooy
Yr = Rated voltage o

Examples: A, 880 capscitors tested at a grading stress level of 1.2300
N (75.0139% acceleration factor)_for 40 hours resulted in zero

failures.
880 (75.0139 x 40% - 5,640.489 hours

FR = B level (NIL-STD-690 FRSP-90)

B. 1,350 capacitors tested at a ?rudfﬁ"stress level of 1.3300
(490.2535 acceleration factor). for hours resulted in zero

fallures.
1,350 (490.2535 x 40% - 56;473,689 hours

FR = C level (MIL-STD-690 FRSP-50)
C. 400 capacftors tested at a grading stress level of 1.4000
(1824.3823 acceleration factor) for 40 hours resulted in 1}
faflure at x3; no additional fatlures at xp.

400 (1624.3823 x 40) . §§:1§6.117 hours
FR « 8 Yevel (MIL-STD-690 FRSP-90)

‘93
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D. 100 capacitors tested at a grading stress level of 1.4000
- (1824,3823 accelaration factor) for 41 hours resulted.tn 3
failures at x3; no additional failures at x3.

100 (1824.3823 x 41% - g.479.967.430

"FR = 8 level (MIL-STD-690 FRSP-90)

OR assume one additional failure at x;
Xy = 2 hours

x2 = 41 hours
PL = .03
Pi = ,04
= 1824.,3823
1 - 1
1n In lfpzA - 1n In 1-p1
A =
Tn x, - ALET
1 S R |
e e o —
In 1nl - .04 “7TTRTRTY -.03
Tn &1 - Tn 2
in In 1.041666 - in 1n 1,030928
- 3. 713572 RS N 1 X 5T ¥ A
-3.1985499 - (-3.4913617) '
- I UZURZATS
- 22EE  wlD.meses o .
FTTOTORTRYE v el Y
R T LN
FRL o - 8 10(L - p,0105 . .0.096944 1n (.96)10°
3T (182¢.3823T7
Xk | .
L -0.096944 {-0. 040322)105 . 0.000000053 x 105
| i“n 053: ,
T'Wu_liours
To compute hours needed to verify 0.001% per 1,000 hours FRL:
In x in Fg' - In Py e nx
9 i : T
Ky = hours lt point 2
ns = nours to test (goall ,
' R H |

Fz - abserved FRL at ‘2

-
[ |

Fatlure rate Tevel (goal)

34,
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In x. o ' (0.001) - 1n (0.0083) , . .
953056 o - o
-1.6677068 + 3.713572
*:UT!U!U!F‘ '

= 1.8467369 + 3.713572 = 5.5503089
xg = 255.50 hours
6.7.3 MNeibull gradfing method. After determining the lot failure raf; pcr
4.7.17 the Batance of Ege Tot (when applicable) should be tested to .the same
vo1tage acceleration conditions as the monitored test samples. These units shall
then be subjected to the 100-percent electrical tests shown in table VIII.

6.8 Termination finish code conversion. Termination finish codes in.this
revision (see 1.2.1.3] replace those Trom previous revisions in the fo11°w1ng
manner: _ _

Revision C Termination Finish.Codes  .Réplace rrcviou;=nqvis1oq; Tcrninltiqm
o e e e ETRTENCOUEE e e
B (gold plated) LT e gend)
C (hot solder dippodﬂ rA (solder-coated nickel)
H (soider plated) C {solder-coated gold)
K (solder fused) ‘r : D (solder-coated alloy 725)
F (solder-coated alloy 752)
E (tin plated) : . E (¢im) . ...
J (tin fused) = L :
6.9 SubJe:t tera (hey word) listing. c Tl
Capacitor
Chip
Established relfabil{ity
Tantatlum
Meibdbull

6.10 Changes frulﬂgrevious 1:5&2. Asterisks are not used in this revistdn to
identify changes w respec o the previous 1ssue, due to-the extensiveness of
the changes. ‘ ) : : , _

i -
wm :
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APPERDIX
PROCEDURES.FOR‘QUALIFICATIOH INSPECTION

10 SCOPE e
10.1 Scoge. This appendix details the procédures for submission of samples,
with related data, for queltficatfon taspsction of capacitors covered by this

specification. The procedures for extending gqualification of the required sample
to other capacitors covered by this specification are also outlined herein. This
2ppendix 15 a mandatory part of this specification. The information contained
herein is intended for compliance.

20. APPLICABLE DOCUMENTS. This section {5 not applicable for this appendix.
. o ot
30 SuUBMISSIO ‘
TR IR (BT [ ot e more gy I IR T o T :.. . :‘ ALY :'ﬂf' i 1 " o

30.1 'Sampre. T 0 T Teenn el T e

an,1.1 € $ize required in tebte ¥, of
ating 1n each style for which

.
the highest
qua11f1catiq

1 be submitted
30.1.2 Combined-voltage submissicn
highest cafTTTTLARCE VETUG TT (RE Towey
capacitance walus of 'theh KRT FOIRAGE
1 hH $‘ ¥?ﬂ‘ s

onentfal). A sample of 89 units of the
BY units of the highest

[P,

in iiéﬁﬁiﬁ]iiii“¥rnuiﬁtnrmuiin:iiiweF?o?
L

which qualification is sought s¢ha ubmitted (see table XIII).
TABLE XIII. Combined-VYoltage Submission. e

T T —1 T _ 1 — 1

| Style ! PIN 1/ ! Number of |  Rated | veltage |

| 2 -} units i voltage |  group |
P I FE T N T RS U N R ) ; l '

I CNRO3 C¥RO-B-107-M 89 3 Cen 1 F
and CWBD_J-226-M 8s . 20 IR B ¢
CWNRO4 by - 'E!_ 33 . S S [

CMRO-N-335-M ‘89 U8 ) 11

I CNRO6 CHRO-C-107-M 89 4 I
and CHRO-J-226-M 89 20 1 1

| CcurO® CEROCECTSE - BY 4 e TI i

i CWRO-N-475-M 89 50 oot ff |

' T A\

.1 CHR1D a9 ] 1 A
"T?’f*'. ' ‘49 S0l RN | I

‘ ‘ ‘ - ‘ 28 R § |

! 8¢ 35 18 i

] 1

l CWR11 8% 6 I !

- 89 20 I |

i 106~ 1] 25 T |

[ CKR11N-225-N a9 50 11 }

i 1

| CuRLI2 CHNR12C-227-M 89 4 1 |

i CWR12J-476-M 89 20 1 |

| - - By 25 IT

CWR1ZN-106-M 89 50 11 |

1/ The complete PIN shall Ynclude additional sysbols teo indicate style,

where applicable, termination finish, and capacitance tolerance.

2/ 300 units for Weibull (see 30.1,3). :
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30.1.3 Combined-voltage submission (Medbull)}. A sample of 300 units of the
highest capacitance value of the Towest voltage and 300 units of the highest
capacitance value of the highest voitage in each voltage group for each style for
which qualification is sought shall be submitted (see table XIII}. Weibull FR
level grading shal) be performed in accordance with 3.20 and 4.7.17 instead of
voltage aging {exponential only} in group I of table V. D{ leakage, capacitance,
dissipation factor, and ESR {when specified, see 3.1) shall be performed only
once. All other exponential tests in table ¥ shall not apply. ,

30.2 Certification of material. When submitting samples for qualification,
the suppTier shall submit certification, in duplfcate, that the materials used in
his components are in accordance with the applicable specification requirements.

30.3 Description of items. The contracter shall submit a detailed description
of the capacitors being submitted for {nspection, incliuding body, coating,
electrode material, terminations, etc. :

40. EXTENT OF QUALIFICATION

40.1 Single-st!le submission. Capacitance-range qualification will be '
restricte o values equa © or less than the capacitance value submitted. -
Capacitance-tolerance qualification will be restricted to tolerances. equal to and
wider than the tolerance submitted. Voltage rating qualification shall be

restricted to those submitted.

40.2 Combined-voltage submission. Capacitance-range qualification will be
restricted to values equal to or Tess than the coracitance value submitted.
Capacitance-tolerance qualification will be restricted to tolerances equal to and
wider than the tolerance submitted. Voltage rating qualification shall be

restricted to those submitted.

40.3 Weibull qualification via similiarity. Capacitance-range qualification
will be Festricted To values equal to or Jess than the capacitance value
submitted. Capacitance-tolerance qualification will be restricted to tolerances
equal to and wider than the tolerance submitted. Voltage rating qualification
shall be restricted to those submitted.

37
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Custodians: : . ‘Preparing activity:
Army - ER . Army - ER
Navy - EC
Rir Force: - 85 - . _ Agenti:

Review activities:
Army - Ml (Project 5910-1636)
Navy - SH
Air Force - 17, 99
KASA - NA
DLA - ES

User activities:
Army - AR -
Kavy - A3, L&
Air Force - 1

. WC, OS5
9
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F
|

Astarh

fiagh qxre

PV (W T IV, l‘r o

S. REASON FOR RECOMMENDATION

S, PRIPARING Al — ' N N
, PHONE (inciude .
3 NAMmE ?1) Fo'f'nsmmt (2) AUTOVON
LABOCM _ {201) 544-3148 995-3148
mms TRciude Tip Code) ¥ YOU DO NGT RECEIVE A REPLY WITHIN 43 DAYS, COMTACT:
s SILCET-RS ) Deferse Quality and S;lndlrdmhon Offis
$203 Lewsburg Pike. Suite 1403, Falls Church, VA 22041.3466
Fert Momouth, NJ 07703 Telephone (703) 756-23480  AUTOVON 205-2340
+ 9290

DD Form 1426,.0CT B9 -Pravious editions are obsolete.



