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NIL ITARY SPLCIF1CATION

PRINTED MIRING ASSEMBLIES

This specification is approved for use by dll Oepart -
nc. nts and Agencies of the Department of Defense.

1. SCOPE

1.1 *. This specification covers conformably coated printed wiring assen,blies
(circuit-card assemblies) consisting of rigid printed wiring boards on uhich
separately manufactured parts have been added (see 5.2).

1.2 [classification.

Printed k+i ring assemblies snail be of the tYPes shO~ln in table 1, as
sp&:i:ed+’%”6.2).

2. APPLICABLE

TABLE I. w.

1 Tj9e designator
I

iJo.lrll type f

-1 1 Single-s~ried board i
2 I Uoubl e-sided board !

I 3 Multi layer board
I I

00 CUMINTS

2.1 Government documents. Unless ocherwisc specified, the following specifications and standards,

of the issue listed in that issue of the Ikparcme.1 of Dcfe.sc Index of Specifications and
Standards specified in the solicit ~tion, fo~ a Part Or this Trecificatlon tO the extc”nl
specified herein.

SPf CIFICATIOtl S

FfOERAL

00-s-571
00-s-781
00-U-343
PPP-B-566
PPP-E-58S
PPP. EI-601
PPP-B-621
PPP-B-636
PPP.E-676
PPP-C-1B42

PPP-T-60 -.
PPP. T-76

Solder; Tin Alloy; Lead-Tin Alloy; and Lead Alloy.
Strapping, Steel, Flat and Seals.
Wire, Electrical (Uninsulated).
Boxes, Folding, Paperboard.
Boxes, UOod, Ui rebound.
Boxes, blood, Cleated-Plywood.
Boxes. Mood. Nailed and Lock-Corner.
Boxes, Shipping, Fiberboard.
Boxes, Setup.
Cushioning Material, Plastic, Open Cell [For Packaging
Applications).
Tape, Packaging, ‘waterproof.
Tape, Pressure-Sensitive Adhesive Paper, (For Carton
Sealing).

TBeneftc ial comments I recommendatf ens, additi Ons, deletions] and any pertinent data f
Iwhich may be of use in improving this document should be addressed to: Naval I
lElectronic Systems Command, ATTN: ELEX 8111, Washington, OC 20360, by using the
I self-addressed Standardization Oocument Improvement Proposal [DO Form 1426) /

Iappearlng at the end of this document or by letter.
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HIL. P-28B09A

MILITARY

MIL. P.116
MI L- P. 13949 -

HIL-F .14256 -

MI L-I-46058 -

M1L-P-5511O -
MI L-B-81705 -

5TANOAROS

MILITARY

HIL-STO-1O5 -
f41L-s To .129 -
;;:~.~~:.?c? .
MI L- ST O-275 -
M! L- ST O-794 -

MI L- ST O-81O -
MI L- ST O-1188 -
MI L- ST D-45b62 -

Preservation, Methods of.
Plastic Sheet, Laminated, Metal Clad (For Printed Hiring
Boards), General Specification for.
Flux, Soldering, Liquid (Rosin Base). ●
Insulating Compound. Electrical (For Coating Printed
Circuit Assemblies).
Printed Wiring Boards.
Barrier Materials, Flelible, Electrostatic-Free, Heat
Sealable.

Sampling Procedures and Tables for Inspection by Attributes.
Marking for Shipment and Storage.
l:~t Me~hn,is f,-, r Electronic and [lectrical Component pdrt S.
Printed Ui ring for Electronic Equipment.
Parts and Equipment, Procedures for Packaging and
Packing of.
Environment al. Test Methods.
Commercial Packaging of Supplies and Equipment.
Calibration Systems Requirements.

(Copies of specifications, standards. hand bonks. drawings, and Public ati0n5
required by manufacturers in connection with specific acquisition functions should be
obtained from the contracting activity or as directed by the contracting of ficer. )

2.2 Other Government documents, drawings, and public at<on~. The following other
Government documents, drawings, and publications form a part of this specification to
the extent specified herein.

INSTITUTE FOR INTERCONNECTING ANo’ PACKAGING EL CC TRONIC CIRCUITS

AN SIIIPC-T -50 - Terms and Definitions.
IPC-S.815 Gpneral Requirements for Soldering of [lectrical Connections

and Printed Uirina Assemblies.

(Application for copies should be addressed to the Institute for lnter:::;e~fing
and Packaging Electronic Circuits, 3451 Church Rd. , Evanston, Illinois

BUR[AU OF MI O! CINE ANO SURGERY (B UMEDI

BUMi O INS7 6270.3 - Personnel Exposure Limit Values for Health Hazardous Air
Contaminants.

(Application for copies should be addressed to ;~-7~h~ef, Bureau of Medicine and
Surgery, Department of the Navy, Washington, OC

3. RfOUIRIMENTS

3.1 General requirements. Printed wiring assembles furnt shed under th!s
specification shall be a product which meets the requirements of this specification
and the applicable assembly drawing (see 6.1 and 6.21. The design features Of the
printed wiring .sssemblies shall be in accordance with HiL-s70-275 and the approved
assembly drawing.

I
3. 1.1 Conflict. In the event of any conflict between the approved assemOIY

drawing and the requirements of this specification, the provisions of the assembly
drawing($) shall govern. Changes to the approved assembly drawing(s) shall be
processed in accordance with the requirements of HIL-STQ-275.

1 ●
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MI L. P-28809A

3.2 First article. Print ed. wiving assemblies furnished under this specification
shall be products which have passed the first article inspection specified in 4.4.
Alternatives provided in this specification do not constitute authority to uroduce
production units using different materials or processes other than those used on the
first article sample.

3.3 Terms and definitions. Terms and definitions shall be in accordance with the
Appendix, paragraph 30. In the event of conflict, AN SIIIPC-T .50 shall govern.

3.4 Materials. Materials furnished as part of the printed wiring assembly shall
be as specifi ed herein and in the applicable assembly drawing. Such materials shall
be non-toxic (threshold limit values for toxicity per BUHEO Instruction 6270.3) and
shall meet the certification requirements of 4.3. #hen data is not available to
support such certification, it will be necessary to generate data showing compliance
with these requirements. For materials not listed in BUMEO Instruction 6270.3, it
may be necessary to establish acceptable limits of toxicity. The responsibility for
inspection of material qUality shall be as SDecif ied in 4.1.

3. 4.1 Materials and processes compatibility. It shall be the responsibility of
the manufacturer to select th ose processes and materials which are compatible with
.n~ drb. lher dnd which best suit the end product desired OY tne contract.

3. 4.2 Printed wiring boards. Printed wiring assemblies shall use rigid printed
wiring boards in accordance with HIL-P-5511o and MI L- ST O-275.

3. 4.3 Component leads and wires. Incoming inspection should be performed on all
component leads and wires per the appropriate component lwire specification(s). Prior
to component assembly all component leads and wires shall show evidence of good
solder ability in accordance with 4 .3.1 or shall be tinned. Component leads and wires
shall be appropriately stored prior to assembly. Leads and wires that were tested
for solder ability shall be assembled within six months of testing; leads and wires
that have been tinned shall be assembled w$ thin one year of tinning. Component leads
and wires exceeding the time requirements shown above shall be retested or re tinned
prior to assembly.

3. 4.3.1 Component parts and wires. Component parts and wires shall be as
specified on he approved assembly tfrawing (s) and associated parts list(s).

3. 4.3.2 Gold-plated leads and wires. All gold-plated leads and wires that are
hand soldered or planar mounted shall be tinned.

3. 4.4 Solder. The solder used shall be in accordance with composition Sn 60, Sn
62, or Sn~ 00-S-571. For wave or dip soldering, use bar solder, form B. For
hand soldering, use solder w(re form U, either solid metal,
flux of either type R,

type S, or with a core of
RMA, or RA of 00-S-571, with the exception that RA flut shall

not be used on stranded wire. (Uith special contract approval type, RA flux may be
used on Army ERA OCOM, CO RAOCOM, and AVRAOCOM contracts) .

3. 4.5 Soldering flux. Soldering flux shall be a liquid flux conforming to
MI L-F-142n type RF! A, or RA, with the exception that RA flux shall not be used on
stranded wi~e. (Ult~ special contract approval, type RA flux may be used on Army
ERADCOM, CO RAOCOM, and AVRAOCOM contracts. )

3.4.6 Con formal coating. Con formal coating material shall be as specified on the
approved assembly drawing and shall be in accordance with MIL-1-46058.

3.4.7 Buffer material [see 3.6.8). The buffer material shall be a thin, pliant
material such as polyvinyl idene luoride, polyethylene terephthalate, or silicone
rubber, and be nonreactive with the con formal coating material and all parts to which
it comes in contact. The buffer material shall be fungus and flame resistant, and
clear or transparent so markings on the components are visible (see 3.8.9 and 3.9.).

3
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3.5 Oesign principles and production criteria’.
,e in accordance with this speciflcatl on, and the

Part mounting and attachment shall
aPProved assembly drawing (see

I . . 1). or other documents of the assembly manufacturer referenced on the aporoved
,ssernbly drawing. The requirements of 3 .5.1 through 3. 5.2.4 shall apply ib the
?ounting of parts on the printed wiring assembly.

3 .5.1 Part mounting: [ach part shall be mounted in the location specified on the
]pp roved assembly drawing. All parts shall be correctly located, oriented, mounted,
]~d attached. All parts shall be correctly soldered (see 3.5.2 and 3.5.3).

3 .5.1.1 Location. Parts shall be mounted so as to avoid the occurrence of
n3isture traps.

3 .5.1.2 Conductive areas. The part shall be mounted so that subsequent con formal
:oating will cover the conductive area under the part except where thermal
~issi pation or electrical conduction is required. Uhen con formal coating will not
:over conductive areas under the part, the conductive areas shall be insulated and
orotec ted against moisture entrapment DY aPplyin9, and Curin9 a reSin C0atin9,
“laminating low flow prepreg material in accordance with NIL-P-13949, or by a solder
?dsh cudting over the area prior to mouc:in; of the parts.

3 .5.1.3 Spacioq. Parts shall be mounted and spaced so that any part can be
.emoved from the board without having to remove any other part, unless otherwise
;pecif ied on the approved assembly drawing.

3. 5.1.3.1 electrical sp.scinq. The minimum spaciny between component leads, wires,
:onductor patterns, and other conductive material (such as conductive markings or
,,ounted hardware) shall be in accordance with table Il.

TABLE Il. Electrical spacing.

Iv oltage between conductors I Minimum spacing r
I (dc or ac peak) 1“
I 1

Vol ts I T
I

0-15 I 0.005 inch(O.13 mm) I
I 16-30 I 0.010 incn(O .25 mm)

31-50 I 0.015 inch(O .38 mm) I
51-100 I 0.020 inch(O .51 mm)
101-300 I 0.030 inch(O.76 mm) ~
301-500 I 0.060 inch(l .5? mm)

Greater than 500 I 0.00012 inch( .00305 mm) I

—. (per volt)

3.5. 1.4 Alinement of part leads. Axial part leads shall coincide to the
centerline through their respective land areas whenever possible. The part lead may
overhang the land area only if the resultant electrical spacing between adjacent
conductors meets th& requirements Spe Cif ied in table 11.

3.5.1. S Stress relief bends. Parts shall be mounted or provided with stre S5
relief bends In such a manner that the leads cannot overstress the part-lead
interface when subjected to the conditions of 3 .8.3 through 3.8.6. The straight lead
length adjacent to the component body shall be in accordance with figure 1. NOTE:
For solder in the stress relief band of aai al-leaded parts see 3.5.1.7.

3.5. I.6 Lead bend radius. Minimum bend radius for leads shall be in accordance
with figure 1.

●

I 4

I
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sTRAIGHT FOR TWO

tT

STRhlGl+T FOR TWO
OIAMETERS FsUT NOT OIAMETERS BUT NOT

LESS THAN .030 LESS THAN ,030
L76mml (,76rnm)

A. WANOARO BENO

~ ~ OIA

Et WELDEO 9EN0

I Lead diamete,. in inches I Minimum radius (R) inch

:.027(.69 rim,) 1 diameter
:..028 (.71 rim,) _ .047( 1.19 MII) 1.5 diameter
;.048( 1.22 mm) 2 diameters

FIGURE 1. Lead bend.—.—

3.5. 1,7 Axial -1eaded parts. . A#i al-leaded parts shall be tnou”ted as specified on
the approvea assembly draw]ng or mounted so that d portion of the body is as close to
the printed wiring boarfl as poss itile. The leads shall be shaped in accordance with
3. 5.1.5 and 3.5.1.6. This does not apply to parts mounted on standoff terminals (see
3.5.2.1). 5older .hich extends into the leJd bG’nd rJd ius cf .Ixi J1-lc Jdcd p3 r:: i$
acceptable only into the lead bend radius on one lead of the part (the lead which is
closest to the board). Solder shall not extend beyond the land (see figure 2).

,sOLOER SHALL NOT EXTENO

SOLOER EXTENDS INTO
/, BE YONO THE LANO

BENO RAOIUS-—/ /~

#LAt40 AREA

FIGURE 2, Solder in bend radius.

3.5. 1.7.1 Perpendicular mount inq. Mhen specified on the approved assembly
drawing, axial-leaded parts weighing less than 0.50 ounce shall be mounted
perpendicular to the board. The part shall be mounted to provide a mjnlmum of 0.015
inch between the end of the part body and the mounting surface. The end of the part
1s defined to include any coating meniscus, solder seal, solder or weld bead, or any
other extens! on. The maximum vertical misalinement of the part’s vertical axis shall
be 15 degress in any dlrectfon from a line perpendicular to the mountfng surface.
The maximum allowed vertical height of the part from the board mountfng surface shall
be 0.55 inch (see figure 3).

5
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hb,,,1,,\,
FIGURE 3. Fjcrpendicular p~r~mounting,

3. 5.1.8 Nonaxi al-leaded parts. Non-axial leaded parts shall be mounted with the
surface from which the lead pro~ects (end of the part) a mi”jmum of 0.010 jn~h abOvp
the board mounting surface.

3. 5.1.8.1 Multiple-leaded components. Multi ple-1eaded compo”e”ts (compo”e”ts with
three or more leads), except mult iple-?eaded components mounted to thermal planes or
heat sinks, shall be mounted in such a manner that spacing is provided under the body
of the part to facilitate cleaning.

3. 5.1.9 Heat dissipating parts. All parts dissipating 1 watt or more shall be
mounted as specl fled on the approved assembly drawing or in such a manner that the
body of the part {s mot in direct contact with the printed wiring board unle~~ ~ither
a clamp or thermal ground plane, or both, is used which will dissipate sufficient heat
so that the maximum allowable operating temperature nf the printed wi. fng bosrd is
not exceeded.

3.5.1.10 Jumper wires. Jumper wires shall be short as practical and shall not be
aPP lied over or under of her parts. Jumper wires less than 0.5 inch in length whose
path does not pass over conductive areas and does not violate the spacing
requirements of 3 .5.1.3.1 may be uninsulated.

3.5.1.11 Interracial connections.

3 .5.1.11.1 Clinched wires. Interracial connections on type 2 boards may be made
by the use of uninsulated solid wire in accordance with CJQ-U-343, type S, coated,
extending through a hole and clinched. The wire shall make contact with the
conductor pattern on each side of the printed wiring assembly before soldering (see
figure 4) and the end shall “ot extend beyond the edge of its land area Or its
electrically connected conductor pattern in violation of the minimum spacing
requirements. Part lead wires do not qualify for interracial connections. The top
and bottom portions of the wire need not be al ined in the same vertical plane.

3. 5.1.11.2 Plated-through holes. Plated-through holes used for interracial
connections, {nternal or inter layer connections shall not be used for mounting of
eyelets, standoff terminals, rivets, or other devices which put the plated-through
hole in compression. lnterfac ial connections on type 2 boards may also be made by
the use of plated-through holes. Interracial connections on type 3 boards shall be
made only by the use of plated-through holes.

3. 5.2 Part attachment. Part attachment shall be in accordance with the
requirements of lPC-S-ET5.

6
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3. 5.2.1 Standoff terminals. Part attachment to standoff terminals shall be in
accordance with the requirements of I PC-S-815.

3. 5.2.2 Clinched leads. Clinched leads shall be in accordance with the
requirements of l PC-S-815.

3. 5.2.3 Straight-through, partially clinched or swaged leads. Straight-through,
uarti ally cT7 nched or swaged leads shall be in accordance with. the requirements of
‘I PC-S.81-5.

3. 5.2.4 Ribbon leads. Flat-wire ribbon lcacfs shall he attached in nccordancc with
IPC-S-81S.

Soldering shall be in accordance with l PC-S-815, class Ill. s.140T shall
“o;”;~’us%+%%?;aces specified to be free of solder. Solder and flux shall be J“
accordance with 3. 4.4 and 3.4.5.

3. 5.3.1 Metal. All metal surfaces shall be free of corrosion and contamination.
All printed conductors shall be firmly bonded to the printed wiring board.

3. 5.3.2 Solder plugs app licab~.

3. 5.3.2.1 Uhen app licable. Solder plugs are required in:

All electrically functional plated-through holes with a lead.
:: 98 percent of all plated-through holes (electrically functional

or not, without a lead) that are subjected to wave or dip
soldering.

3. 5.3.2.2 Uhen not app licable. Solder plugs are not required in: -

a. Unsupported holes with a lead.
b. Non-functional plated-through holes (hand soldered).
c. Any electrically functional plated-through hole [without a

lead) not subjected to wave or dip soldering.

3. S. 3.3 Post soldering clean in~. Printed wir{ng assemblies shall be cleaned
within 1 hour after completion of soldering using solvents or combinations Of
solvents or other solutions which will remove polar and nonPolar contaminants isee
appendix). After cleaning, printed wiring assemblies shall not be contaminated by
handling or environment prior to con formal coating. After cleaning there shall be no
visual evidence of flux residue or other contamination. ‘Other contamination-
includes particles of foreign matter which may result in {nsulation breakdown or
change in electrical characteristics or degradation of mechanical integrity (e .9.,
improper bonding of con formal coating). This solder cleaning requirement shall also
apply after rework.

7
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I
3. 5.3.4 Measling and crazinq. After soldering and cleaning processes have been

completed, measllng or crazing, or both, on the printed wiring assembly shall not
bridge more than 50 percent of the distance between electrical conductors andlor not
exceed 3 percent of the total printed wiring board surface area on dne side. A
separate measurement and determination shall be made for each side of the printed ●
wiring assembly (see 4.8.11. If measling or crazing, or both, of any extent occurs
on more than 5 percent of a printed wiring assembly lot sample examined (see
4.6.1.2.?), the lot shall be rejected and corrective action is required.

3. 5.3.5 Delamination, blistering or so fteninq. There shall be no delamination,
blistering, or softening of the plastic materials.

3.6 Con formal coating. Conformably coated printed wiring assemblies furnished
under this specification shall meet the requirements of this specification before and
after repair (see 3.7). The coated assemblies shall have no blisters, cracking,
crazing, peeling, urinkl es. meal ing, or evidence of reversion or corrosion. A
pin-hole or bubble andlor a combination of pinhole(s) and bubble(s) may bridge up to
50 percent of the distance between conductors, provided that the minimum dielectric
spacing requirement is not violated.

Printed wiring assemblies, except those using a board
mai’;~;;l %#&+%il.oroethy lene shall be co”formally coated with a coating
material that conforms to 3.4.6. The coating shall be applied to both sides of the
cleaned printed wiring assembly.

3. 6.2 Adjustable components. Printed wiring assemblies having adjustable
components shall not have th e adjustable portion covered with coating, unless
otherwise specified on the approved assembly drawing.

3. 6.3 Mating surfaces. Electrical and mechanical mating surfaces, such as probe
points, screw threads, bearing surfaces, etc. , shall not be coated.

3. 6.4 Maskinq. The masking material used to prevent” coating in unwanted areas
shall have no deleterious effects on the printed wiring assembly.

3. 6.5 Com atibi lit . The con formal coating shall be compatible with all parts and
●

material ~d wiring asS.6WIbly.

3. 6.6 Thickness. The thickness of the con formal coating shall be as follows for
the type specified, when measured on a flat unencumbered surface (see M IL-I-46058).

a. Types ER, UR, and AR: 0.003 *0.002 inch.
b. Type SR: 0.005 *0.003 inch.
c. Type XY: 0.0005 to 0.002 inch.

3. 6.7 Elect r4ca1 performance. Printed wiring assemblies shall be constructed,
adequately masked, or otherwise Protected in such a manner that applfcat{on of
con formal coating does not degrade the electrical performance of the assembly.
[lectrical testing shall be accomplished (see 6.1).

3.6.8 Buffer material (see 3.4.7). Buffer material shall be as required on the
approved assembly drawing.

3. 6.9 Surfaces to be free of Coating. Surfaces specff{ed on the approved assembly
drawfng to be free of con formal coating shall be suitably masked and protected from
coating, coating residues, and masking residues.

3.6.10 Cleanliness (see 4.8.2). h’hen tested in accordance with 4 .8.2 and sampled
in accordance with 4.5.2, printed wiring assemblies shall have no evidence of flux
res{ dues, fonic and other contaminants before applying the coating. Cleaning
compounds shall have no deleterious effects on any part of the prtnted wiring
assembly. In the case of printed wiring boards requ~ring permanent solder-mask,
con formal or other coating, the uncoated boards shall be free of ionic contaminants
or flux resf due (see 6.4) prior to the application of con formal coating. Prfor to

the application of any coating, the Government reserves the right to require
confirmation that the uncoated Printed wiring assemblies were inspected fOr
cleanliness.

●
The cleanliness test shall be accomplished (see 6.1).

8
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3. 6.10.1 Resist ivity of solvent extract (see 6.6). The test solution used to wash
uncoated printed wlrlng assemb lles shall have .s res Tstivit Y not less than 2,000,000
ohm - centimeter (or equivalent) when tested in accordance with 4 .8.2 as required by
in-process inspection of a.5 The equivalent test methods and factors specified in
6. 6.1 may be used in lieu of the method specified in 4 .8.2 Other equivalent test
methods not sDecif ied in 6 .6,1 may be used in lieu of 4.2!.2 onlv when soecific.sllv
ap Proved by the government procuring activity. Such approval will be determined in
the basis that the alternate method is demonstrated to have equal Or better
sensitivity, and eMpl Oys solvents with the ability to dissolve flux residue as does
the alcohol-water solution specified in 4.8.2.

3.7 Rework, Qepair and Modification. Rework, repair and modification shall be
accomplished as described \n the foil owing paragraphs. Assemblies reworked, repaired
or modified by these methods shall be processed as normal material.

3. 7.1 Rework. The rework of defective solder connections and replacement of
defective components is permissible (see Appendix 30.1.11). Oefective solder DIUQS
in plated through holes which do not contain a component lead, and within the”? -
?Cr:c:t !i.:ft :f 3.5.3.2. I.b, .eeti not be !r. ”.!k., d. Aflvr rework, the assembly snail
meet the requirements of 3.8.

3. 7.2 Repairs. Standard repairs (see 30.1.12) described by appendix paragra~h
50.2 and authorized by paragraph 10 .2.1 may be performed within the limitations set
forth. Such repairs shall be documented as specified in the appendix. Proposed
methods of repair other than the standard repairs shall be submitted to the
Government procuring activity for approval. Apvroval for such repairs are applicable
only to the contract under which the approval was granted.

3 .7.3 Modifications. Modifications [see 30.1.9) may be made to prototype or
production assemblies in accordance with the appendix. Modifications require written
authorization (see 10.2.2) of the Government procuring activity and shall be
documented as specified in the appendix (see 40.41.

3.S ?rinted wiring assembly performance requirements. Upon completion of final
assembly, the printed wiring assemb lles shall meet all visual, electrical, and all
other operational requi~ements in accordance with the requirements of the approved
assembly drawing(s) and test specifications.

3. 8.1 Bow and twist. When tested as specified in 4.8.3, the maximum allowable bow
and twist shall be 1.5 percent, U“lESS otherwise $p.ecif ied on the approved assembly
drawing.

3. 8.2 Electrical parameters. Ilhen tested as specified in 4.8.4, printed wiring
assemblies shall function as specified on the approved assembly drawing.

3. 8.3 Vibration (when specified). I/hen tested as specified in 4.8.5, printed
wiring assemblies $hall be capable of continuous operation as specified (see 3.81,
and there shall be no evidence of physical damage.

3.8.4 Shock (when specified). Uhe” tested as specified i“ 4.8.6, printed wiring
assemblies shall be capable of continuous operation as specified (see 3.8), and there
shall be no evidence of physical damage,

3.8.5 Thermal shock. After testing as spec$fied in 4.8.1: printed w{ ring
assemblies shall be capable of operation as specified [see 3,8), a“d there shall be
no evidence of physical damage.

3.8.6 Temperature-altitude (when specified). Uhen tested as specified in 4.8.8.
printed w~ring assembl{ es shall be c apab 1 e o f continuous operation as specified (SIX
3.8), and there shall be no evidence of physical damage.

3.8.7 Humid itX. kihen tested as specified in 4.8.9, there shall be no evidence of
corrosion on any part of the printed wiring assembly. No crazing or measling (in
excess of that allowed in 3.5.3.4), bli$. terl”g, cracking, delaminate O”,
em brittle merit. meal ing, or softening shall become evident in the Con formal coatina or
other constituent parts and
performance of the assembly

mater iais used in the assembly. The electrical “
shall not be degraded (see 3.8).

9
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3.8.8 Salt fog (when specified). Uhen tested as specified in 4.8.10, there shall
be no. evidence of Corrosion of the printed wiring assemblies.

3.8.9 Fungus (when specified). Uhen tested as specified in 4.8.11, the materials
or combination of materials used in the production of printed wiring assemblies shall

●
not serve as nutrients to fungi.

Printed wiring assemblies shall be marked as specified on the
ap~;~ve%%%;ly drawing(s). All assemblies shall be serialized for traceability.
The board may be marked at the discretion of the contractor for use as manufacturing
aids; covering such marking by the components at assembly shall not be cause for
rejection.

Printed wiring assemblies shall be clean and show no evidence
of3i~~t,%%&$%~ter, oil, fingerprints, corrosion, salts, flux residues. and
contaminants. The completed printed wiring assembly shall also be free of defects as
defined in 4.8.1.1.

A. 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 spec<fied herein. Except as otherwise spectfied in the contract or
purchase order, the contractor may use his own or any other facilities acceptable to
the Government procuring activity, which are suitable for the performance of the
Inspection requirements specified herein. The Government procuring activity reserves
the right to perform any of the inspections set forth in the specification, where
such inspections are tieemed necessary to assure conformance to prescr~bed
requirements.

4 .1.1 Test equtpment and inspection facilities. Test and measuring equipment and
inspection facili ties of suf ii c{ent accuracy, quality and quantity to permit
performance of the requf red inspection shall be established and maintained by the
contractor. The cstab!izhment avd maintenance of a ~alihration s?stem tO cQntrO~ the
accuracy of the measuring and test equipment shall be in accordance with ●
MI L- ST O-45662.

4. 1.2 inspection conditions. Unless otherwise specified herein, all inspections
shall be performed in accordance with the test conditions specified fn the “General
Requirements’s of FIIL-STO-202 and MI L- ST O-810, and acceptability inspection of
I PC-S-815, as applicable.

4.2 Classification of inspect iOnI. The inspections specified herein are
class if~ed as follows:

a. incoming component and materials inspection
b. First article inspection (see 4.4).
c. In-process inspection (see 4.5).
d. Quality conformance inspection (See 4.61.

4.3 Incoming component and materials inspection.
consist of certif icatlon supported by verifying data ..-.
materials listed in table 111, used in fabricating the printed wi; ing assemblies, are
In accordance with the applicable referenced documents, specifications. and
requirements prior to such fabrication. Additional materials inspection shall be as
specified in applicable engineering draw{ ng(sl. os specified in 3.4.3. 3.4.3.1. and
4.3.1.

(see 4.31.

Inspection shall, aS a minimum.
that the components and

4 .3.1 Solder ability of component leads and w4res. All component leads and wires
of all electronic and electrical components shall be tinned or shall be inspected in
accordance with 4 .3.1.1 and shall meet the solderabillty requlreaents of MI L- STO-202,
test method 208 (see table Ill).

10
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4 .3.1,] Sanpliog pla~ for solder abilil~ test [see 4.3.1). Lot sampl in, 2tIJll be

io accordance tiitn MI L->liI-l U5, specidl iospectio” )evd) 5.4, .ith an ACL cf ?.5.

Sa’IClcs for soldcrd~ility test na? be ;e!ec ted from cunvone~, ts that fdlled :b mvet
incoaing elect ric~l testing [see 3.9).

TAUL[ Ill. Component dno mdterio]s ins~ptt ion.

Comoone. ts parts and wire I 3. ’1.3.1

I

Con forwcl :oa Lin S I 3.4.6

I
Uuffer material 3 .4.7

As >pe:ifipd un
assembly ,lrdwi~,,s

,,, ,., ,
. . . . . .

l,! L-!. !4?5L

Assu,,)bly ;rd,>inj
tHIL-! .4,Ju5u

Assembly ardwlng

4.6 First drticle in5per. ti on. First article ins. qccticn ;hJll bc p?rfuc;,leti LIi the
contractor, at a locdt ion acceptable to tne government procuring activity. ‘ir>t
a.title inspection shall be per forc:cd on sample prin.. ed uirin$j assemblies which have
been produced wit5 cater ial, cquivment, processes, and procedure% which shall be used
i“ production. Production is defined as one or more printed wirilq assemblies
neliverec on a contract. ~irs: article inspection is oiv ided into lwo cd Lc..jori,?$,
Design and Type, as defined in paragraph 4 .4.1.1 .sna 4.4.1.2. Minor modifications to
design, production orocesses or techniques do not ncCessdril Y reflu ire COm Pl et@
repetition of all first article <.:; ign insaccti~ns. Ih? C,tcllt of rete~t
necessitated by such changes shall be detcrn in et! by the Contractor and Juprsve< by
the government procuring activity. Where two or morv printed wir!ng assemblies are
electrically direct wired (joined without the usc ~f c~nnectors) and mec Oanicdlly
packaged together to form d replaceable functional dssemuly, tlIe electrical d!ld

environmental tests shall be performed at the assembly level. This level is norm,illy
identified as the lowest replaceable unit from the standpoint of equipment
maintenance.

First article approval is valid only on those contracts or purchase orders so
designated by the Government procuring activity concerned. Failure to pdss the tests
defined in table IV per the sampling procedure shown in 4 .4.1.1 and 4 .4.1.2 sfidll
necessitate corrective action to all assemblies that are to be delivered under the
contract. Any corrective action requiring changes to the assembly procedure, design,
process, etc. shall be reflected in the printed wiring assembly drawing and must be
approved by the Government procuring activity.

4.4. J Inspection routine. The first article inspection shall consist of the tests
defined in table IV and on the approved assembly drdwing, Contrdct, or purchase order.
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TABLE IV. First article inspection.

1 Test or Requirement I Method I
Inspection paragraph I paragraph I

I
-lC omponents and mater ]als 3 4 d see

I t; bl~nl
I 4
t“

3 r

I I
lVisual and mechanical I 3.5 to 3.6.10 I 4.8.1 to I
I examination Bow and I (inclusive) I 4.B.3
I twist I and 3.8.1

r
lElectrical parameters I 3.8.2 I 4.8.4

l Vibration ~1 / 3.8.3 i 4.8.5 /

lShock ~1 I 3.B.4 I 4.8.6 I

Ilhermal shock I 3.B.5 / 4.8.7 I

~Tempera ture.altitude 1/ I 3.B.6 I 4.8.8

~Hu.midity ; 3.8.7
i

/ 4.8.9

lSalt fog Al
/

I 3.B. B I 4.8.10
I

lFungus (separate sample) ~/ ~ 3.8.9 I 4.8.11 I

~/ !4hen specified, the teSt S {n table IV must be conducted
on the completed printed wiring assemblies. Additionally,
the contractor may wish to conduct certain of these tests
at earlier stages of fabrication to ensure progress toward
an acceptable assembly.

o
4 .4.1.1 First article design inspection. One printed wiring assembly of each new

assembly design shall be subj ec ted to the first art{cle inspection in accordance with
table IV. Significant changes to existing des{gns may require additional design
teSting to assure design inte9rity is maintained. The contractor may wish to conduct
certain of these tests at earlier stages of fabrication to ensure progress toward an
acceptable assembly.

4. 4,1.2 First article typ e ~nspecti on. Subsequent procurements of printed wiring
assemblies which have previously passed first article design inspection shall be
submitted to first article type inspection. Pr4nted wirfng assembly types are
defined in 1.2.1. Uhen type testing is to be performed, one printed wiring assembly
of each type, a representative of the most complex assembly of each type in a single
contract shall be selected by the contractor, and agreed to by the Government
representative. The assembly selected for type testing shall be the fir St part
produced by the production process. This type representative shall be subjected to
the first article inspection of table ]V.

4 .4.2 Failures. IAhen one or more samples fail to pass the first article
inspection {see table IV) this shall be cause for refusal to grant first article
approval.

4 .4.3 Oisposit~On of samples. Unless otherwise specified by the Government
procuring activity, sample assemblies, which have been subjected to and have passed
first article inspection, shall be disposed of i“ .sccorda”ce wfth the ❑a”ufacturer”s
disposal procedures.

4. 4.6 First article ap proval. Approval of the first article in no way relieves
the contractor of responsibil~ ty for complying with all requirements of the
specifications, applicable assembly drawings, and all other terms and conditions of
the contract, nor shall an approved first article be construed as altering or taking
precedence over any of these requirements. ●

12
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In-process insvectio~ shall consist of the
test of 4 .5.? as shown in table v.

4 .5.1 Soldereh connections inspections. ;acb soldered connection cn each printed
wiring assembly shall be visual ly inspected to the r?au<renen:s of 3.5.3, using an

optics: apparatus or ail which, sr~v~des a mi?inum magnification eauivaleflt to a lens
of 3 diopters la~vroxima:e}y 2,4>). Re’eree irs; $ctions naj be accomplished at a
ma~gificat ior. of IOr. Oefective scl de. Connections shall be reworked Der 3 .7.1 Dri Or

to further processing. Assemblies tipi:h 40 not ~cet the reauiremen; s of 3.~.2. ?.lb
shall be rejec:e4.

6.5,2 :nspec tic. 10: for cled?liness verifi.:<:i c.. An inssec; ion ?0! fo,
cleanliness ve. ificatlon sha’l cons is? of a;l Dri. ted wiring assemblies vvocessed
through the cleaning process during a sin; >e Ski!l. Immediately after cleani~g and
prior to con fo. nal coating. five printed wiri~g assemblies De, Production shift shall
be selected and subjected to the test of table V.

4 .5.3 Failures. !f one o. nore of the five printed wiring assemblies fail tO ~ee:
the cleanliness and resist i.ity of solvent el tract test of table Y, the 10: shall be
rejected (see 4.5.4].

4 .5.4 Rejected lots. ‘L’+en a lot is rejected as a result of a failure to DaSS the
test specl fled lfi table V, the manufacturer shall *ithdraw the lot, ta~e corrective
action in connection with the cleaning materials and procedures, reclean the 10:, anfi
resubmit the lot to the test of table V. Such lots shall be separated from new lots.
and shall be clearly identified as reinspected lots.

TABLE Y. In-process ins~ectiun.

~ Test or I Requl rement I Yet hod I Sam911ng r
inspection I paragraph I paragraph I plan

[ I
TL Ieanliness and reslstlvlty I <.. 10 I J . . . z I 4 . . 2

of solvent extract I
:

I
I I
I Visual of solaered f “3. 5.3 8. 5.! ~ JoCl, I
I ,connect ions I 1 I I

I

4.6 C)uality conformance inspection.

4 .6.1 Inspection of printed wiring assemblies for delivery. Inspection of printed
ui ring assembles for dell very shall cons)st of group A. Except as specifies in
4.6.1.3.5, delivery of printed wiring assemblies which have Passed the group A
inspection shall not be delayed pending the results of the 970u P B inspection.

4 .6.1.2 Group A inspection. Group A inspection shall consist of the inspections
specified in table vI.

4 .6.1.2.1 Group A inspection lot. An inspection lot for group A inspection shall
consist of al) printed w> ring assemblies on a specific contract fabricated from the
same design, ‘using the same processing procedures, and PrOduced under essentiall Y the
same conditions within a maximum period of 90 days and offered for inspection at one
time.

4 .6.1.2.2 Samplin Statistical samp Iing and inspection shall be in
accordance with MIL 5 for general inspection level Il. The acceptable qualitY
level IAOL) shall b; cified (n table VI. Major and minor defects shall be as
de f{ned in M1L-STO.1O5 and 4.8.1.1.

TABLE VI. Group A inspection.

1 Test or I ReQui rement I H th d I AU L (p ●rcent T
I {nspectlon 1

de fectlvej
paragraph I par~gr~ph 1 Major I M$ nor

I I
Visual and mechanical I 3 5 to 3.6.1O

f f;cl,
I 4 B

3.9, and I “ ‘
1 i la 4“

4. 8.1.1 I 1“ I
I 3.10

I Electrical parameters 3.8.2 I 4.8.4 I 100: I test /
!
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4 .6.1.2.3 Rejected lots. If an inspection lot (see 4.6.1.2.1) is rejected, the
manufacturer shall wlthd raw the lot and take corrective action, or screen out the
defective units and reinspect. Such lots shall be separate from new lots, and shall
be clearly identified as reinspected lots.

4. 6.1.2.4 Disposition of sample “nits. Samples subjected to group A inspection
may be delivered with the order, if the inspection lot passes.

4 .6.1.3 Group B inspection. Group B inspection shall consist of the tests
specified in table VII , In tfi e order shown and other such tests specified on the
aPProved assembly drawing.

TABLE vII. Group B inspection.

-1 Test or I Requi rement I Method r
inspection I paragraph ~ paragraph I

I
7 I I 1
I Thermal shock 3.8.5 4 .8.7

I I
I Humidity 3.8.7 4. 6.9 I

I I
I Electrical parameters ~ 3.8.2 I 4. 8.4 I

The tests in table VII must be conducted ~n the completed printed wiring
assemblies. Additionally: the contractor may wish to conduct certain of these teSts
at earlier stags’s of fabrication to ensure progress toward an acceptable assembly.

4. 6.1.3.1 Group B inspection lot. An inspection lot for group 8 inspection shall
consist of all printed wiring assemblies of the same type (see 1.2.1) which have
passed group A inspection. Board assemblies of the same type and fabricated to this
specification may be grouped from different contracts to form a group B inspection
lot.

as~~~b{~3~~pe~~ep~~~ ~n~~~~e’~fd~~~’most complex assembly of each tyPe
one printed wirinq assembly of each

shall be selected by the contractor and agreed upon by the Government representative ●
and subjected to tests in table VII. The assembly selected shall have passed group A
i“s.pect{on and may be from one or more contracts unless otherwise specified on the
approved assembly drawing.

4 .6.1.3.3 Failures. If one or more samples fail to pass” group B inspection, the
lot shall be considered to have failed.

4. 6.1.3.4 Ofsposition of samples. Unless otherwise specified by the Government
procuring activity, sample assembl ies which have been subjected to and have passed
group B inspection shall be disposed of in accordance with the Manufacturers
disposal procedures.

4. 6.1.3.5 Noncompliance. If a sample fails to pass group B inspection, the
manufacturer shall take corrective action on the materials or processes, or both, as
warranted, and on all printed wiring assemblies which can be corrected and which were
manufactured under essentially the same conditions, with essentially the same
materials, processes, etc. , and which are considered subject to the same failure.
Acceptance of the printed wiring assemblies shall be discontinued until corrective
action acceptable to the Government has been taken. After the corrective action has
been taken, the group B inspection shall be repeated on additional sample
assemblies. GrouD A inspection may be reinstituted; however, final acceptance shall
be withheld until’ the group B reinspection has shown that the correct ive” action was
successful . In the event of failure, after reinspection, information concerning the
failure and corrective action taken shall be furnished to the Government procurfng
activity for those printed wiring assemblies warranting corrective action.

4.7 Inspection of packagin$. Except when industrial packaging is spec~fied, the
sampling and inspection of the preservation and interior package marking shall be In
accordance with the group A and B qualjty conformance inspection requirements of
MI L-P-116. The sampling and inspection of the packing and marking for shipment and
storage shall be fn accordance with the quality assurance provisions of the
applicable container specification and the marking requirements of HIL-STO.129. The
inspection of industrial packaging shall be as specified in the contract (see 6.2).

14
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4.8 Methods of examination and test.

●
4 .8.1 Visual and dimensional examination. Completed printed wiring assemblies

sha?I be examrned to verify that the mater fals, construction, marking, and
workmanship are in accordance with the applicable requirements (see 3.1, 3.4, 3.5,
3.9, and 3.10). Examination shall be accomplished utilizing an optical aPpa ratus or
aid which provides a minimum magnification equivalent to a lens Of 3 diopters
(approximately 3/4X). Referee inspections may be accomplished al a magnification of
lox.

4 .8.1.1 Classification of defects. Unless otherwise specified on the assembly
drawing, the classification of defects for visual and dimensional examination shall
be as specified herein. k suggested coding system is indicated to allow the use of
an automatic data processing system so that a particular coded number will be
applicable only to a specific kind of defect. The letter “fI” is for major defects
and “B” for minor defects.

Oefect
code number

AI
k2
A3

k4
A5
A6

A7

Ae
A9

.A1O
All
A12

A15
A16
All

A18

A19

A20

AZ]
A22
A23
A24

A25

b26
A27

A28

A29

Major defects

Wrong parts used.
Urong printed wiring board used.
Solder bridging between adjacent circuits, protrusions, or

peaks that reduce the distance between an element of one
circuit and an adjacent circuit or conducting material
below the minimum specified on the printed wiring board
assembly drawing.

Solder on component s{de of single-sided boards.
Solder on surfaces designated to be free of solder.
Features, conductor patterns, interracial connections,

jumpers, and components not in accordance with the assembly
drawing or approved drawing referenced therein.

Holes in the board which are not specified on the assembly
drawing or master drawing referenced therein.

Cor. vs ion on the metal surfaces.
Printed wirf”g conductors loose or missing.
Components mounted in the wrong locations on the board.
Mrong orientation of polarized components.
Misalinement of lead wires with respect to land areas

(see 3.5. l.~1.
Jumper wires not as specified on the assembly drawing.
Jumper wires that terminate at locations other than terminal

areas.
Component leads used as jumper wires.
Jumper wires routed over or under components.
Inadequate spacing between uninsulated jumper wires or lead

wires and adjacent conductors.
Absence of <nsul ation sleeving on jumper wires, when

specified, (see 3.5.1.10).
Poor wetting of solder to the basis metal, as evidenced by

convex ffl lets, nonwett$ng and dewetting (not in excess Of
that allowed in IPC-S.815), cold joints, rosin joints, etc.

Cracked solder joints, as evidenced by cracks or other
disco ntinui ties.

Excess solder on joints.
Insufficient solder on joints.

Melds not in compliance with the assembly drawing.
Bow and twist in excess of that perm{tted by the assembly

drawing.
Inadequate cleanliness of the printed w$ ring assembly as

evidenced by the presence of dirt. fOreign matter, oil,
fingerprints, corrosion, salts, flux residues, and
contaminants.

Measling {n excess of that allowed in 3, S. 3,4.
Con formal coating containing bubbles or pinhole$ in excess

of that allowed in 3.6.
Con formal coatfng exhibiting blisters, crack fng, crazing,

un~~~~~~?~ele~~ ~~?~, wrinkles. Or reversion.

15
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Defect
code number

A 30

A31

A3Z

A33
A34

A35
A36

437
A38
A39

&40

01

B2

B3
B4

Major defects

Printed wiring assemblies that are charred, burned, blistered,
chipped, gouged, delaminated, or otherwise damaged.

identification markings illegible or missing from the printed
wiring assembly.

Incorrect identificbtio” marking on the printe~ wiring
assembly.

Leakage from oil-impregnated or electrolytic components.
Physical damage to parts resulting from the straightening,

cutting, bending, inserting, or clinching of wire leads,
Chipped, cracked, or broken parts.
Mire leads which haye been broke” or nicked e<posing basi$

metal.
Loose parts not securely a:tached or supported O“ the board,
Deformation of lead diameter greater than 10 percent.
Electrically functional plated-through hole with a lead,

without solder plug.
Greater than 2 nercnnr of all p13!ed-!hrs:; h ‘c]c;

electrically functional or” not, without a lead) that are
subjected to wave or dip soldering without a solder P1u9.

Minor defects

Part polarity markings illegible (except as permitted for
automatic insertion and lead forming equipment).

Part identification markings illegible (except as permitted
for automatic insertion and lead forming equipment).

Thickness of con formal coating not within specified limits.
Inadequate CCIvera Qe of con formal coatina on the Drinted w{rlna

assembly.
4 .8.2 Clean lines s” and res{stivity of solvent extract (see 3.6.10).

4 .8.7.1 preparation of sclven: cx:rac: test sclut ifin. ?r. zp.re .3 test solution of
75 percent by volume ACS reagent grade ]sopropyl alcohol and 25 percent by volume
distill edldeionized water. Pass this solution through a mixed bed deionizer
cartridge (Bar” stead D8902, Ultra-Purse, Hose-Nipple Cartridge, or equal). After
Dassage through the cartridge, typical resfstivity of the solution will be
25 x 106 ohm-cm IConductivtty - 0.04 micromholcm). Replacement of the deionizer
cartridge shall be required when the resist ivity of the solution is of value less
than 6X106 ohm-cm (conductivity - greater than 0.166 micromholcm) [see 6.6).
Replacement of the solvent extract soluti n shall be required when the resist ivfty of

tthe solution is of a value less than 2110 ohm-cm (conductivity - greater than 0.50
micron holcm) (see 3,6.10.1).

4 .8.2.2 Preparation fOr test. Position a convenient sized polyethylene funnel
over a suitao Ie Polyeth ylene conta(ner. Premark the container for the volume of test
solution required for the te$t. Suspend the printed wiring assembly w< thin the
funnel .

4 .8.2.3 Test procedure. Direct the test solution. in a fine stream, onto both
sides of the assembly until 10 m) of test solution is collected for each square inch
of assembly area. Assembly area includes the area of both sides of the board plus an
estimate of the area of the component$ mounted thereon. Uash the assembly for a
minimum of 1 minute, It is imperat~ve that the initial washfngs be fncl”ded in the
test sample. Measure the resist ivityfconductivity of the collected test solution
with a conductivity bridge or other (nstrument of equivalent range and accuracy,
NOTE : All laboratory ware must be scrupulously clean. Preferably, laboratory ware
used for this test should be reserved for this test and not used elsewhere (see
6.6). 41ternate te5t methods specified in 3.6. 10.1 and 6.6.1 may be used.

I
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4 .8.3 Bow and twist (see 3.8.1). Bow, twist, or any combination thereof, shall be

determined by physical measurement and percentage calculation. The calculation shall
be based on the formula:

t= D ~ 100. where:
‘i

O = the measured deviation, worst case, of the assembly MQunting surface
from a true plane best approximating the mounting surface. Use the
cumulative PIUS and minus planer deviations.

L = the measured breadth dimension of the board along the direction of the
board’s greatest degree of curvature.

4 ,8,3.1 Practical measurement of ‘“D”. Stand the assembly on two extremities of
the board, at a zero planar reference. Rock the board so the two other points of
greatest deviation from zero are eaually displaced from zero (“twist” predominant),
or rock the board so the two other diagonal extremes closest to zero are equally
disvl aced from zero (“bow” predominant]. Measure the displacement from zero at the
Doint on the mounting suri ace farthest from Ler LI.

4 .8.3.2 Practical measurement of “L”.
a. Twist predominant; measure the aiagonal of the board

along the direction of greatest apparent curvature.
b. Bow predominant; measure the width or length of the

board along the side most greatly curved.

4 .8.4 electrical parameters (see 3.8.2). Completed printed wiring assembles
shall be tested as specl fled on the assem61y drawing.

4 .8.5 Vibration (see 3.8.3]. Completed printed wiring assemblies shall be tested
in accordance with method 514, procedure I,
details:.

of MI L- ST D-81O with the following

a. Curve - E, unless otherwise specified (see 6.2).
b. fixture . Hard mount.
c. Test procedures - The accelerometer shall be mounted at the center Of the

unit. The “g” input to the board shall be reduced so that the maximum
unit output, at the center of the board, does not exceed 100 g’s.

d. Electrical tests - Unless otherwise specified (see 6.21, the electrical
tests shall be conducted as specified in 4 .8.4 after the vibration test.

4 .8.6 Shock (See 3.8.4). Completed printed wiring assemblies shall be tested fn
accordance with method 516, procedure 1. of BIL-STO.81O with the following details:

a. Shock pulse - Half sine, 6.S ●O.] ms; 100 g’s, unless otherwise specified
b. Isee 6.2).

Fixture . Hard mount.
c. Electrical tests - Unless otherwise specified (see 6.2), the electrical

tests shall be conducted as specffied in 4 .8.4 after the shock test.

4.8.7 Thermal shock (see 3.8.5]. Completed printed wiring assemblies shall be
tested in accordance with method 107, Test condition A-3, of HIL-STO -202.

4.8.8 Temperature-altitude (see 3.8.6). Completed pr$nted wiring as$embltes shall
be tested in accordance with method of MI L-S TD-810. Temperature and altitude

I shall be as specified in the engineering drawing (see 6.2).

4.8.9 Humidity (see 3.8.7). Completed printed wiring assemblies shall be tested
in accordance with method 3U7, procedure 1, of M1L-STO-81O.

4.8.10 Salt fog (see 3.8.8). Completed printed wiring assemblies shall be tested
tn accordance with method 509, procedure 1, of HIL-STO-810.

4.8.11 Fungus (see 3.8.9). Completed pr!nted wiring assemblies shall be tested in
accordance with method 508, procedure I, of MI L- ST D.B1O. Oata available on materials
as to conformance with this test will suffice.
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5. PACKAGING

5.1 Preservation. Preservation shall be level A, C, or industrial, or as
specified [see 6. 21_.

5. 1.1 Level A.

5. 1.1.1 Clea”i”q. Printed wiring assemblies shall be cleaned in accordance wtth
MI L-P-116, process (.1.

5. 1.1.2 m. Printed wiring assemblies shall be dried in accordance with
MI L-P-116.

5. 1.1.3 Preservative app lication. Preservatives shall not be used.

5. 1.1.4 Unit packs. Each printed wiring assembly shall be individually unit
packed in accordance with MIL- P.116, submethod IA-8 insuring compliance with the

dppl~cable requirements of that specification. Cushioning shall conform to
PPP. C.1842, type 111. Uhen electrostatic andlor electromagnetic protection is
required, the unit container shall be in accordance with the requirements of
MI L-B- b17U$, type 1. Each unit pack shall be placed in a supplementary container
conforming to PPP. B-566 or PPP. B-676.

5. 1.1.5 Intermediate packs. Intermediate packs are not required.

5. 1.2 Level C. The level C preservation for printed wiring assemblies shall meet
the requirements specified for level A except that nonspec{fication versions of the
electrostatic protective cushioning and supplementary containers may be used.

5. 1.3 Industrial. The industrial preservation of printed wiring assemblies shall
be in accordance with the requirements .of MI L- ST O-118B.

5.2 Packin9. Packing shall be level A, B, C, or industrial, or as specified (see
6.2).

5. 2.1 Level A: The packaged printed wiring assemblies shall be packed in ●
fiberboard containers conforming to PPP. B-636, class weather resistant, style
optional, special requirements. In lieu of the closure and waterproof f’ng requirement
in the appendix of PPP -B-636, closure and waterproofing shall be accomplished by
sealing all seams, corners and manufacturer’s joints with tape, two ~nches minimum
width, con form~ng to PPP. T-60, class 1 or PPp. T-76. Banding (reinforcement
requirements) shall be applied i“ accordance with the appendix to PPP-B -636 using
nonmetallic or tape banding only.

5. 2.2 Level B. The packaged printed wiring assemblies shall be packed in—
fiberboard Containers conforming to PPP. B.636, ilas. s domestic, style optional,
special requirements. Closures shall be in accordance with the appendix thereto.

5.2.3 Level C. The level C packing for printed wiring assemblies shall conform to
the MI L-S~requirements for this Iev.el.

5. 2.4 industrial. The preserved prtnted wiring assembles shall be packed in
accordance with the requirements of MI L- ST O.11B8.

5.3 Marking-. In addition to any special or other identfflcatfon marking requt red
by the contract {see 6.2), each unit, supplementary and exterior contafner shall be
marked in accordance with MI L-STO-129. Industrial marking shall be In accordance
with the requirements of MI L- STO-11B8. Regardless of type of packaging specified,
the sensitive electronic dev{ce symbol and associated caution label shall be marked
as specified in 141 L- ST O-1’29 on all units, supplementary and exterior containers.

5.4 General.

5.4.1 Exterior containers. Exterior containers (see S.2.1, 5. 2.2 and 5.2.3) shall
be of o minimum tare dfld cube consistent with the protection required and shall
c0nta4n equal quantities of identfcal stock numbered items to the greatest extent
practicable. ●
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5.4.2 Packaging inspection.
be in accordance with 4.7.

5.4.3 Army procurements.

he

MI L. P.28809A

inspection of these Pac agin

5. 4.3.1 Level A unit packs. A1l supplementary containers sha
(or water) resistant or overwrapped with waterproof barrier mate

requirements sha

1 be either w,
ials (see 5.1

I

ather
1.4).

5.4. 3.2 Level A and level B packing. For level A packing the fiberboard
containers shall not be banded but shall be placed in a close fitting box conforming
to PPP-B-601, overseas type; PPp.B.621, cld~~ 2, style 4 or PPP-B. 585, class 3, style
2 or 3. Closure and strapping shall be in accordance with applicable container
5PeCifi C&ti0n except that metal Strauoing shall con fern to 00-S-781. tvoe 1. finish
A. 14hen the gross weight exceeds 200 poiinds or the container length a;d witith is”48
x 24 inches or more and the weight exceeds 100 pounds, 3 x 4 inch skids [laid flat)
shall be applied in accordance with the requirements of the container specification.
If nOt described in the container specification, the skids shall be applied in a
manner which will adequately support the item and facilitate the use of material
handling ea.uiument. For level B packing, fiberboard boxes shall be weather resi:tan:
as specified in level A and the containers shall be banded (s”ee 5. 2.1 and 5.2.2).

6. NOTES

6.1 Iiaiver of testing. The Government procuring activity may wish to waive
certain environmental tests based on testing the next higher assembly; however, the
cleanliness test and electrical tests should not be waived. Relying solely on tests
at the next higher assembly may result in inadequate or unproven documentation for
procurement of repl.scement ftems. This consideration should be made prior to request
for quote.

6.2 Ordering data. The .scquisitfon document should specify the following:

a.
h.
c.
d.

;:

;.

;:
k.
1.
m.
n.
0.

P.

Title, number, and date of this specification.
Typ@ of printed wiring as~emb!y required (see 1.2.:).
Title, number, and date of applicable assembly drawing (see 3.1).
Environmental tests, if any, which may be deferred to testing of the next
higher assembly (see 3.1 and 6.1).
salt foa. if reaui red (see 3.8.8).
Thermal-shock te’st condition required (see 3.8.5).
Temperature-altitude 1/, if required (see 3.8.6.).
Vi bratfon frequency, if other than specified; max<mum size of accelerometer,
where critical; normal mounting means where used in lieu of the hard
mountina specified (see 4.8.5).
Continuous’electrical operation during v~ bration, if required (see 3.8.3).
Shock force , lf other than specified (see 3.8.4).
Continuous electrical opera t”fon durihg shock, if required Isee 3.8.4).
Oelivery of first article samples (see 4.4).
Disposition of group B samples [see 4.6.1.3.4).
Inspection of industrial packing (see 4.7].
Levels of preservation and packing required (see 5.1 and 5.2].
If special or other identification marking is required [see 5.3).

Al Normally for afrborne applications only.

6.3 First article inspection. Information pertaining to f
of products covered by th iS Specification should be obtained
activity for the specific contracts involved.

rst article inspec ion
rom the procuring

6.4 Flux removal. Selection of procedures for flux remova” is at the contrac or’s
d{scretlon. A procedure must be chosen which will enable the printed wiring assembly
fabricator to produce results enabling compliance with 3.5.3.3. Both polar and
nonpolar solvents may be required to effect adequate flux removal.
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6.5 Plastic bags. ‘dhere plastic bags are used for packaging printed wiring
assemblies, they shall be clean and free from ionic contaminants. (The resist ivity
of solvent test in 4 .8.2 can be used to determine the degree of ionic

contami nation.) NOTE : Printed wiring assemblies which contain parts sensitive to
electrostatic damage should not be packaged in plastic bags, unless the bags have ●
been treated to permanently prevent build-up of electrostatic charges (see 5.1).

6.6 Resist ivity of solvent extract (see 4,8. ’2). This test procedure, including
solution preparation and a la borator~ ware cleanlng procedure, is documented in
Materials Research Report No. 3.72, Printed-wiring assemblies; detection of i’onic
contaminants on”. Application for copies of this report should be addressed to the
Comma mder, Naval Avionics facility, Indianapolis, IN 46218.

6. 6.1 Alternate methods. The following methods of determining the cleanliness of
printed w7 ring assembl Ies have been shown to be equivalent to the resist ivity of the
solvent extract method in 6.6:

a. The Kenco Alloy and Chemical Company, Incorporated, ‘omega Heter TM,
Model 200”.

n. Alpna Metals ! “corpora ted, “lonograpn TX-.
c. C. 1. Oupont Company, Incorporated, “Ion Chaser TM. ”

Test procedures and calibration techniques for these Methods are documented in
Materials Research Report 3-78. “Review of Oata Generated !dith Instruments Used to
Oetect and Measure lon<c Contaminants on Prtnted-Ni ring Assemblies”. Application for
copies of this report should be addressed to the Commander, Naval Avionics Center,
Indianapolis, IN 46218. Table VIII lists the equivalence factors for these methods
in terms of microgram equivalents of sodium chloride per unit area:

TABLE VIII. equivalence factors.

1 I . i I r
Method instrument

I .gNaCl; i”n2 II I “Acceptance l{mit” I

!’
1 I 1.

I lEqui valence factor ~.gNaCll Cm2 ~.g NaCllin2 ~
●

I I

lMlL-P-28809- 1 7.47
I Beckman
lMlL-P-28809- 1 7.62

7.545

I Markson
I

‘Omega Meter i ~o.51

I 1

Ilonograph I 15.20

I I

Ilon Chaser I 24.50

I I

1 I
~~=l.l

\_= I I

1“ ,!
I 10.51 : 1,39 I
I-%T4-5

~ 15.20 . 2.01
17-%?’5

I 24.50 . 3.25
/m

I

I

1.56 I 10.06

1.56 I 10.06

I
2.2 I ,4

/ I

3.1 I 20

I

5.1 I 32

6.7 Ultrasonic clean in~. Ultrasonic cleanlng may damage certain component parts,
particularly integrated ClrCUits and semiconductors, and should not be used.

6.8 5ensiti ve-component handling. To prevent damage by static electricity,
persons coming into contact with or handling of elect ro-sensft.fve components, such as
some semiconductors should be grounded prior to touching or installing the
component. Certain elect ro-sensitive devices may require additional precautions and
should be handled in accordance with manufacturer’s recommendations.

6.9 Changes from previous issue. Asterisks are not used in this revis(on to
denote changes with respect to the previous issue, due to the extensiveness of the
changes. ●
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APPENOIX

REPAIR AND HOOIFICATIC

10. SCOPE

.o::i;caw”,r;:::da:?:;:;xa::::B;
specification.

10.2 Authorization.

I OF PRINTEO wIRING As SEHBL ES

shes requirements for the repair and
es produced in accordance with this

10 .2.1 Repair authorization. Standard repairs (see 30.1.12 and 50.2) covered by
this appendix may be used when the contractor has Material Review Board (MRB)
delegation on the contract. Author izt, t<on for these standard repairs shall be
individually authorized by the contractors material review procedure, with
concurrence by the cognizant government representative.

Alternately, the COntraCtOr may request authorization to Derform standar6 repair>
using in-house control systems other than HRLi action. These alternate methods
require approval of the Government procuring activity and must demonstrate that
standard repairs are documented and that there is traceability to the assemblies to
which the repairs are applied.

Repairs other than the Standard repairs contained herein require written
authorization of the Government procuring act{ vity. Authorization of other repairs
is applicable only to the contract under which the repair authorization was granted.

10 .2.2 Modification authorization.

10 .2.2.1 Prototy Pe modification authorization. Modification of prototype
assemblies may be performed by th e contractor wfien the details of the modification
are determined and defined in sufficient detail, acceptable to the Government
procuring Activityl to assure adequate ciocumentaticn of the modific~ticn( s). Details
of the modifications shall be added to the design package and shall be submitted to
the Government procuring activity for post. incorporation review. Prototype
modifications which are to be incorporated in the production articles shall be
incorporated into the design prior to the start of production.

10.2. 2.2 Production modification. Modification of production printed wt ring
assemblies requires wr!t ten auth or fzat ion of the Government procuring activity.
Documentation of modifications shall be as specified herein (see 40.4). Mod{ ftcation
authorizations are llmi ted to the contract under which the authorization was granted,
until the printed wiring master drawing and/or the printed wiring assembly drawing
has been changed and approved to reflect the modification.

10.3 Unassembled boards. The repair or modification of unassembled (bare) printed
wiring boards shall not be permitted.

20. APPLICABLE 00 CEMENTS

20.1 Government documents. Unless otherwise specified, the fol lowing specificat ions and standards,
of the issue listed in that i.sms of the Department of Defense Index of Specifications and Stnndards
specified in the solicitation, form a part of this appendix to the extent specified herein.

ORAMINGS

MILITARY

NAYAIR 2OOAS1O7-I - Adhesive, [POXY, Flexible

22
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●

I

I

●

RfPORTS

MILITARY

NAF1 Materials Research Report No. 3-70 - Melded Repair of Severed
Conductors on Printed )1 iring
Assemblies.

NAF1 Materials Research Report NO. 3-72 - Printed Miring Assemblies;
Oetection of Ionic Contaminants
on.

Naval Air Center flaterials Research
Report No. 3-78 - Review of Data Generated with

Instruments used to Detect and
Measure Ionic Contaminants on
Printed wiring Assemblies.

(Copies of specifications, standards. handbooks, drawings, and publications
required by manufacturers in connection with specific acquisition functions should be
obta{ncd frcr. the contra cti!!g activity P. as rlirer ted hy the contracting of fice r.)

30. OEFINITIONS

30.1 Terms and definitions. The definitions of all terms used herein shall be as

specified In 1/IPc -- and the following:

30 .1.1 Automated component insertion. Automated component insertion is the aCt or

operation of assembliv. discrete components to printed boards by means of computer-control led
component-insertion equipment.

30 .1.2 Buffer material. A resilient material which is used to protect
crack-sensitive components from excessive stresses generated by the con formal coating.

30 .1.3 Circuit card assembl~. A circuit card assembly is a grouping of two or
more physically cun. eL ted 01- re16 ted elec:rfc J) tnd,~or p~e:t,. onic pzrts capable nf

disassembly. Each component of the assembly must be capable of functioning in
accordance with its own item name. Consists of a vrinted-wi ring board uuon which are
mounted separately manufactured electronic componehets, such as-capacitors,
inductors, resistors, and the like. It may also include printed electronic

components. (Source: H6).

30 .1.4 Component. A component is a separate part of a printed-circuit assembly or
printed-wiring assembly which performs a Circuit function (e.g. resistor, CaPa Cit Or.
transistor, transformer, etc.).

30. 1.5 Component mounting. Component mounting is the act of mechanically
attachfng the component to the printed board, or the manner in which they are
attached, or both.

30 .1.6 Component orientation. Component orientation is the direction in which the
components, on a printed board or other assembly, are lined-up electrically with
respect to the polarity of polarized components and also w{th respect to one another
and to the board.

Cracking is that phenomena mdnffest In coatings by a break
ex~~;~;~g W;. the base surface.

Bard w~ring is electrical wiring that {interconnects two or
mo~~”~~~ts%%%%%ies i“t.a an assembly which is f“se~arable without the use of
specfkl tools and techniques.

~0.1.9 Modification. Modification ts de ftned as a rev fsfon to the interconnect
features on a prfnted wiring assembly accomplished by Interrupting conductors,
addlngldeleting components andlor adding wires. Modification of a printed wiring

assembly 1s done in Ifeu of using a new-design assembly with the changes incorporated
in; the conductor pattern, drilled features, or other characteristics changed by the
reyisi on.

I
I
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k repair is any correctional process “ot sa”ctfo”ed by the
a$~~rn;i~?s %“doc.mentation. The purpose of a repair is to restore the usability
of a damaged or de fectfve as Sernbly w$thout having to totally replace the discrepant
member of the assembly. ●

30.1.11 Rework. Reworking is the act of reestablishing the functional and
physical characteristics of an assembly without deviating from the original design
drawing, specifications, or contract requirements. The reworking of defective solder
connections or replacement of defective component is not considered to be a
modification or repair and is permissible.

30.1.12 Standard repairs. Standard repairs are those repair techniques described
by thfs specif ication, not exceeding the numerical lfmits set.

30.1.13 Standoff terminal . A standoff terminal is a terminal generally postlike,
having an axial p,ortion of Its body designed for projecting through or int O a board
for mounting. (See figure 11.

*

FIG~RE 1. Standoff terminal.

30.1.14 Straight-through lead. A striiight-through lead is a component lead wire
that is not cli nched or swag.?d
(See figure 2).

after insertion in a hole of a printed-wiring board.

FIGURE 2. Straight through lead.

40. GENERAL

Limited repair or modification of printed wiring assemblies may be
net~;~.irw~ i“t.?r.?st of economy or delivery. It is essential that such repafrs
and modifications be accomplished in a manner which will not degrade the quality of
the products.

40.2 Performance. Repafred or modif(ed printed wiring assemblies shall meet the
performance requirements and quality assurance provisions of this specification. ●
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,,;:9;. w“
Repair shall not reduce circui

e cross sectional area of wires, leads
or larger than the replaced conductor.

ry spacing below that provided by
or copper strips shall be equal to

I

I

o

40.4 Documentation of modification. Documentation of modification on prototypes
and printed wiring assembles under production shall be as specified herein.

40 .4.1 Documentation of prototypes. Oetails of the modification to a prototype of
a printed w)rlng assembl y shall be prepared and added to the data design package.

60 .4.2 Oocumentdt ion of production. Upon approval from the Government procuring
activity of a modification change, the board assembly fabricator shall take the
aPPr OPri.Ste dCtl On to reflect the approved change and production will continue on the
ne, t assemblies. At all times the data package shall be kept updated with
documentation to reflect modified or unmodified assemblies and their approved
changes. Part numbers shall be changed if the modified or unmodified assemblies are
not physically or electrically interchangeable (i. e., form, fit or function).

40.5 Cleanliness. Coated and uncoated, modified or repaired printed wirin9
assemblies shall be free of flux, flus residues, and other contaminants prior to”the
application of con formal coating (see 40.6.2.1). The Government reserves the right
to require confirmation that all coated and uncoated. modified or repaired printed
wiring assemblies were inspected for flux residues after modification or repair.

40 .5.1 Resist ivity of solvent extract. klhen required by the Government procuring
activity, coated or uncoated, modl fled or repaired printed wiring assemblies shall be
tested as specified in 50.3. The resist ivity shall be not less than 2,000,000 ohm-cm
(or equivalent] (see 50.3.4.1). The equivalent test methods and factors specified in
50 .3.4.1 may be used in lieu of the nethod specified in S0.3. Other equivalent test
methods not specified in 50 .3.4.1 may be used in lieu of 50.3 Only when Specifically
apProved by the Government procuring activity. Such approval will be determined on
the basis that the alternate method is demonstrated to have equal or better
sensitivity and employs =,ol vents with the ability to dissolve flux residue as does
the alcohol water solution soecified in 50.3.

40.6 Materials. Materials used in modification .dnd repair shall be as specified
herein OF on the assembly drawing.

40 .6.1 Solder. The solder used shall be in accordance with composition Sn 60, Sn
62 or Sn 6~0-S-571,. For wave or dip soldering. us.? bar solder, fOrm B. For
hand soldering, use solder wire form U. either solid metal, type S, or with a COFe of
either type R, RMA, or RA of QQ-S-571, with the exception that RA flux shall not be
used on stranded wire. (Iiith special ap roval type RA flux may be used on Army

1’ERA OCOM. CO RAOCOM and AVRAOCOM contracts .

40 .6.2 Soldering flux. Soldering flux shall be a liquid flux conforming to
MI L-F-1425% R MT with the exception that RA flux shall not be used on
stranded wi;e~ypfUi~h sp~c~~lR~~ntract approval, type RA flux may be used on Army
ERAOCOM, CO RAOCOM, and AVRAOCOM contracts). If the resist ivity of solvent extract
test or equivalent cannot be performed, tYPe RA flux shall not be used (see 40.5.11.

40 .6.2.1 Flux removal. Selection of procedures for flux removal is at the
contractor’s discretion. A procedure shall be chosen which will enable the printed
wiring assembly to be in compliance with 40.5. Both polar and nonpolar solvents may
be requf red to effect adequate flux removal. The procedure chosen should not degrade
markings, components, or board materials.

40 .6.3 Adhesive. Epoxy structural adhesive shall be in accordance with NAVAIR
Orawing No. 200A f107-1 or as specified on the approved assembly drawing or approved
standard repa{r procedure. Con formal coating shall not be relied upon in place of
adhesive.
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40 .6.4 Con formal coatin Con formal coating “shall be type UR, ER, AR, SR, or Xv
per MI L-1-~ c ness of the con formal coating shall be as follows for the

tYpe specified.. Mea~urement shall be on a flat unencumbered surface (See
MIL-I-460521), Coating thickness in any areas of overlap may be within twice the
specified coating thickness.

a. Types ER, UR, and AR: 0.003 *0.002 inch.
b. Type SR: 0.005 *0.003 inch.
c. Type XY: 0.0005 to 0.002 inch.

40 .6.5 Hook-up wire. Hook-up wire for added wires shall be:

a. Solid copper conductor, tin-plated, with a compatible jacket.
b. Tin-coated copper wire, per QQ-U-343, type S, soft or drawn and annealed.

40 .6.6 1 nsul at i on t ubi n!. Polytetrafluoroethy lene tubing used for insulating
hook-up wires shall be in accordance with MI L-1-22129, etched for bonding.

Repaired circuitry shall be covered with epoxy adhesive or
co~~D~ma.%$%i&%~ a minim”. of 0.030 inch beyond the end of the rep?.tr area
except in special areas (e. g., printed edge board contacts, etc .,) where the assembly
drawing specifies that these areas be exposed. The con formal coat{ng shall be a
material that conforms to 40.6.4.

40.8 Component replacement. Repairs shall be made so that components may be
replaced without damagl ng he repai red area

Modified or repat red printed wf ring assemblies shall be clean
an~”~~ee%%%%~reign ❑atter, ofl, fingerprints, corrosion, salts, flu. residues
and other contaminants, and meet the requirements of this specification.

50. OETAIL RfQUIREMEfl TS

5G. i Stan60rd motif icatfoos.

50. 1.1 Conductor removal .

1 50. 1.1.1 Minimum removal. Unless otherwise llmjted by design constraints, a
minimum of 0.030 Inch of conductor shall be removed where the circuit is to be
interrupted (see figure 3).

50 .1.1.2 Circuit junctions. Unless otherwise limited by design constraints,
conductors shall nut be cut or removed within 0.010 inch of land areas or circu~t
junctions (see figure 3).

++010 MIN

I

dj ~,o,~ o

~ -g

J .010 MIN

4 .030 MIN

FIGURE 3. Removal of conductors.

50 .1.1.3 After removal. The area under the circuits removed shall be inspected tO
assure that all traces of conductor are removed. The glass cloth shall not be
scraped into and the coupling agent shall not be scraped away from the glass
filaments. This area shall then be covered with epoxy adhesive or approved con formal
coat{ng (see 40.6.4).

●

50. 1.2 fidded wires.

50.1 .2.1 Insulation and sleeving. All added wires greater than 0.50 inch in
length shall be insulated or sleeved.

o
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o
50.1 .2.2 Number of attachments. A ma~imum of two wires or leads may be attached

to any termination except:

a. Wires or leads shall be attached to any flat pack lead in accordance
with figures 4 and 4A.

b. klhen wires or leads are tO be attached tO Olp tYP~ components.
terminations shall be made in accordance with f19ure 5.

c. NO more than one uire shall be added to each cOnnector tan9 and $ha~~ be
attached in accordance with fi9ure 6.

d. When large standoff termindls are ue. ed which have PrOvis iOn fOr additf Onal
attachments.

e. No wires shall be attached to the mating COntd Ct surfaces of connectors.

I
FLAT PACK LEAD

,0 ,ANIJx&lAJ%??:AD

REPAIRABLE
REPA1!U!ILE

FIGURE 4. Flatpack (one wire or lead attached).

‘e
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I

I

FLAT PACK LEAD

D= WIRE DIA

FLAT PACK LEAD “-,

LEAD

LAND

~ A,CEPTAE?,E

FIGuRE 4A. Flatpack (2 wires or leads attached).

SEE DETAIL A

IPOR COMPDNENT
E AD

DETAIL ~
DETAIL Q

FIGURE 5. Oip type component.

●

●
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, :&-’’’:g
~iE~~RA.BL~

D =WIRE DIA. ACCEPTABLE—. .- .—

FIGURE 6. Connector t~._.—

Mires shall be routed in the X and V directions (no diagonal
li%~’~~~~it%+%” the shortest Practical route a“d minimizing wire cro$sfngs .“less
otherwise specified by the revision. Added wires shall not cover plated-through
component mountina holes. tlire routinqs on boards having the same part number shall

‘o be routed the sam~.

50 .1.2.4 Preferred termination. Wires shall be connected at a point where heating
to remove an ad~acent component will not cause the wire to become unsoldered. Unused

i“ through holes are the preferred termination for wires.

50 .1.2.5 Land area distance. Unless otherwise li’mi ted by design constraints, when
wires are sol dered directly to the conductor there shall be a minimum distance of

I 0.050 inch from the land area (see figure 71.

I
2D MIN

*

---- ==3

I D=w IRE DIA.
------

+- .050MIN

FIGuRE 7. Positioning wirinq on circuits.

50. 1.2.6 Mire diameter. The diameter of the mire soldered directly to a conductor
path shall not exceed the width of the conductor path and shall be positioned, where
possible, as shown In figure 7 and in such a ❑anner that the minimum electrical
spacing Is maintained. The wire shall contact the conductor path a minimum of two

●
wire diameters at each end.
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50. 1.2.7 Securing of wires. Mires shall be secured to the board except where
they pass through pin fields or where a 1 inch or shorter wire has both ends
terminated in plated-through holes. ●

50 .1.2.8 Ea isting terminals. Uhen wires or leads are added to existing terminals,
they shall be attached above the Conformably coated area or the cOnf Ormal c0atin9
shall be removed prior to attachment.

50. 1.3 Added components.

50 .1.3.1 Land area distance. Uhen component leads are soldered directly to the
conductor, there shall be a minimum clearance of 0.050 inch from a land area (see
figure 7).

50.2 Standard repairs.

50 .2.1 Land area.

50 .2.1.1 Maximum permitted. The maa imum nuo!bvr 01 lafid area repairs Permitted Per
board shall be in accordance with table 1.

TABLE 1. Maximum number of land repairs.

1 Board size lx) I Masl mum number all owed
1

Sq uare Inches
I

X<20
120< x<50 :
Iw; :<loo 9 i

12
,—
I 1 ,

50 .2.1.2 Connecting land areas. Kepair.of both land areas on both Sioes of a hole
o

which connects Internal circuits is prohibited (See fi9ure 8).

@AND $=D
AREA LAND AREA

REPAHL4RLE NCWEEPAI?AOLE

FIGURE 8. Repair limitations.

30

50 .2.1.3 Lifted land areas. Any land which has been separated, loosened. lifted

or which has otherwise become unbended from the base materfal ❑aY be repaired by
rebonding with an approved epoxy adhesive (see 40.6.3), provided that the ❑aximum

feeler gauge penetration is equal to J12x (see figure 9).

●
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I

+- f“”Au Minimum width of connected circuitry
within lj4° of hole center, but not over
cme. half land area diameter.

W,=w

FICUI![ 9. Land areas.

50 .2.1.4 Hepoir visibility. All repairs shall be visib\e after soldering.
Repairs to land areas that will subsequently be covered by fiush mounted components
(transistors, transformers, etc. ) shall be inspected prior to install atiorl of said
components.

50 .2.2 Conductor.

5C.2.2. I Maximum permitted. The naximum number of conductor repairs permitted per
board shall be in accordance with table 11.

TABLE 11. Ffaximum number uf conductor repairs.

I
Board size [k) I I:ax. lmua number all owed r

I
s quare ?nches ~

2(J
20<: :50

I
: /

I 507 X<1OO I

!- 100 7 x i 1:

50 .2.2.2 Unbended conductors. Unless otherwise lfmi ted by design constraints,
unbended conductors no more than 0.500 inch in lenqth may Le rebonded to the base
laminate with approved epoxy adhesive material (see 40.6.3) extending a minimum of
0.030 inch beyond the lifted area in all directions.

●
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$0 .2.2.3 Conductor breaks and defects. Unle Ss otherwise prohibited by design
constraints, conductor breaks, scratches, or similar defects no more than 0.500 inch
in length may be repaired by use of a repair conductor, which shall overl$p the
original conductor by 0.125 to 0.250 inch at each end. If the conductor is lifted in
the defective area,

●
it shall be trimmed back to where a qood bond exists, The repair

conductor St, all be centered over the original conductor. The repair conductor shall
be formed to the board unless the conductor break is small (less than 0.100 inch)
(see figure 101. Uelded repairs shall be made as specified in NAF1 f4aterials
Research Re~ort No. 3.70.

z::@?,oR
SMALL BREAK LARGE BREAK

FIGu R[ IO. Repair of conductor breaks.

50 .2.2.4 Sleeved conductors. Conductor defects of any-length may be repaired by
routing a sleeved conductor between the breaks or between terminations. I/hen
attached to a conductor line only, the repair conductor shall contact the original
conductor a minimum of 0.125 inch from each end, unless otherwise limited by design
constraints. The sleeved conductor shall be firmly secured to the board by an
aP Proved ePCXY edhczi:e (se? 40.6.3;. dumper wires shall be on the component side of ●
the board and shall be routed in the X and Y directions by the shortest practical

route minimizing wire crossings.

50. 2.3 Plated-through holes with no internal connections.

50 .2.3.1 Maximum permitted. The ma~imum number of open plated-through hole
repairs permitted per board shall be in accordance w{th table 111.

TABLE lil. Maximum number of open plated-through hole repairs.

I 8oard size (s. ) I Maximum number al 1 owed r

T Aq “are Inches I r
20 3.

20<~~50I
I

6 i
507” <)00 9

100 T x 12 I

50 .2.3.2 Shorted plated-through holes. Shorted plated-through ho\es in multi layer
boards shall not be repaired.

50 .2.3.3 Open plated-through holes.

50 .2.3.3.1 Oouble-sided boards. Open plated-through holes in double-sided boards
may be repai re~ by >nsertlon of a wire or flat ribbon through the hole, clinching it
on both sides, or d funnel flanged eye Iet. With soldered holes, ~Old~r must
completely fill the hole and must form a fillet around the wire or eyelet on both
sides of the board (see 3.5.3,2],

50 .2.3.3.2 Mult ilayer boards. Open plated-through holes in mult ilayer boards
shall not be.repaired.
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50 .2.6

50 .2.7
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Measling and crazin~. Repair is not permitted.

Holes and slots in boards. Repair is not perl,litted.

internal circuits. Repair is not permitted.

Total maximum repairs permitted. The total red,, imum nu=ber of repairs of
all types permitted per board shall be in accordance with table IV.

TABLE IV. Total number of repair S of dll ly pes permitted.

I Board size (x) I I!axl mum number all owed r

m!
r

6
12

I 507. <100 I 18
100 ~ x 24

I I

50.3 Cleanliness and resist ivity of solvent extract (see 4.e. 2).—

50.3.1 Preparation of solvent ea tract test solution. Prtipcre a test solution of
75 percent by volume ACS reagent grade Isopropyl alcohol and 25 percent by volume
distill edldeionized water. Pass this solutiun throuyk, a mixed Led de ionizer
cartridae ( Barns tead 06902. Ultra-Purse. Hose -fJi!JDle Cartri due. or COua l). After
passage-through the cartridge, typical ~esistivity of the soiution will be z5,10fJ

ohm-cm (conductivity - 0.04 nicromholc m). Replacement of the deionizer cartridge
shall be required when the resist ivity of the solution is of a value less than
6.a 106 ohm-cm (conductivity - greater than 0.166 micromhofcm) (see 50.3.4).
Replacement of the solvent e,trdct soluti n shall be required when the resist ivity of

‘tthe solution is of a value less than 2K1O ohm-cm (conductivity - greater than 0.5U

● “

micromholcml (see 40.5.1).

50 .3.2 Preparation for test. Position a convenient sized polyethylene funnel over
a suitable polyethylene container. Premark the container for the volume of test

I solution required for the test. Suspend the printed wiring assembly within the

I

●

funnel .

50. 3.3 Test procedure. oirect the test SOlutiun, in a fine streac, , onto Loth
sides of the assembl y until 10 rnl of test solution is collected for each square inch
of assembly area. Assembly area includes the area of both sides of the board plus an
estimate of the area of the components mounted thereon. Wash the assembly for a
minimum of 1 minute. It is imperative that the initial washings tc included in the
test sample. Measure the resist ivitylconductivity of the collected test solution
with a conductivity bridge or other i“stru”ent of equivalent range and accuracy.
tlOTE: All laboratory ware must be scrupulously clean. Preferably, laboratory ware
used for this test should be reserved for this test and not used elsewhere (see
50.3.4). Alternate test methods speciffed in 40. 5.1 and 50 .3.4.1 may be used.

50 .3.4 Resist ivity of solvent extract (see 4.8.2). 11, is test proceoure, including
solution preparation and a laboratory ware cleaning procedure, is documented in
Materials Research Report fro. 3.72, “Vrin ted wiring assec]blies: detection of ionic
contaminants on”. Application for copies of this report should be addressed to the
Commander, Naval Avionics Facility, Indianapolis, IN 46218.

50 .3.4.1 Alternate methods. The following methods of determining the cleanliness
of printed w; ring assemblies have been shown to be equivalent to the resist ivity of
the solvent extract method in 50.3.4.

a. The Kenco Alloy and Chemical Company, Incorporated, “Omega Meter TM,
Modei 200”.

b. Alpha Metals Incorporated, “Ionograph TM. -
C. E. 1. Oupont Company, Incorporated, “Ion Chaser ‘l”; .”
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Test procedures and calibration techniques for these methods are dO~ume”ted fn
Materials Research Report 3.78, “Review of Data Generated b’ith Instruments Used to
Oetect and Measure Ionic Contaminants on printed-wiring Assemblies-. Application for
copies of this report should be addressed to the Commander, Naval Avionics Center,
Indianapolis, IN 46218.

●
Table Y lists the equivalence factors for these methods in

terms of microgram equivalents of sodium chloride per unit area:

TABLE V. Equivalence factors

I Method

1

T41L .- ZBB09 -Beckman

lMIL-P-28809 -Mark son

I

10mega Meter

I

~lonograph

I
I ~]On Cha$er

I

=

x
gNaCliin2

-7.47

7.545

7.62

10.51

15.20

24.5o

I Instrument
‘Acceptance limit-

1
qui valence factor lvg NaCll Cm2 j.gNa Cllin2

1 1
1 545

%4-5=1
I 1.56 I 10.06

I
7.545 . , I ,,5f,
T.=3-TS

10.06

10.51
?34-5

= 1.39

15.20 . 2,01
-%T4-5

24.50
-lT4-5

= 3.25
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