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MIL-STD-20C10

FOREWORD

1. This Military Standard is approved for use by all Departments and
Agencies of the Department of Defense.

2. Beneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document should be
addressed to: Commanding Officer, Naval Air Engineering Center, Code 5321,
Lakehurst, NJ 08733-5100, by using the self-addressed Standardization
Document improvement Proposai (DD Form 1426) appearing at tne end of this
document or by letter.

3. This proposed MIL-STD-2000 represents tireformatting of the
DOD-ST9-2.CCO series of so’!dering standards. u,ll four eleme~ts of the
IIOD-STD-?OOO series have been combined. We are continuing to use IPC-T-50 as
the terms and definitions document. The structure of this new proposed
document is:

Baseline (these are the minimum requirements for ~11 applications
and are based on the rerluirement,s of DOD-STD-20()()-4 (predcrmindr]t)
with some additions previously located in DOD-STD-2000-1 and
DOD-STD-2000-3. The “level of difficulty” associated with these
r~q,itreme~lts. FIaS nc,t h~~n ; ign ificant.ly ra is~t ‘rem th~ prier
DOD-STD-2000-4 level).

?~rsonn~l f~rt ifi~atjon op?ion (these are the nerscnnel traininc and
certification requirements prevr~usly locatea in DOD-5T!J-2CNN- 1).

Pr’nted Wiring Assembly Design Option (these are bare printed wiring
requirements comb ined with the der ign and manu+acturfng prccf?ss
requirements of DOD-STD-2000-2).

Process Control {General) Option (these are tti~ I;mjoritj uf the
process control requirements for the overall manufacturing process
as Previously specified by DOD-STD-2000-1 and !IO[)-STD-2000-3).

Process Control (i;achine Processes) Option (these ~re the wave ~nd
reflow solderinu ~rr)ce~s requirem~nts formerlv located il]
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MIL-STD-2000

-

1. SCOPE

1.1 Scope. This standard establishes general requirements for materials
and procedures for making soldered electrical and electronic connections.
Soldered connections for leads and wires inserted in holes, surface mounted to
lands, or attached to terminals shall be in accordance with this standard. In
addition, component mounting requirements and acceptance criteria are provided

to permit evaluation of complete assemblies. The manufacture of discrete
devices, microcircuits, multichip microcircuits, and film microcircuits is
outside the scope of this standard.

1.2 Appllcabilit~. When a contract, detail specification, or drawing
requires MIL-STD-2000 the requirements of paragraph 4., General Requirements,
and all subparagraphs ’shall be performed. The requirements of paragraph 5.,
Detail Requirements, are applicable only when a specific reference is made to
the par~graph or one of tasks listed below. When an applicable requirement in
5. specifies a limit which differs from the corresponding limit in 4., the
requirement in 5. shall take precedence. Where an applicable requirement
5. is related to a requirement in 4. but does not specify superseding lim
the distinct but related elements of both requirements shall apply.

1.2.1 Task A: Certification of Contractor Personnel. When task A
required, 5.2 through 5.2.9.4 shall be performed,

s

1.2.2 Task B: Desiqn and Component Mounting Requirements. Wh?n task B
is re~l)ired, S.3 through 5.3.21.8 shall be performed,

1.2.3 Task C: General Process Controls. When task C is required, 5.4
through 5.4.21.19 shall be performed.

1.2.4 Task D: Hand Soldering Process Controls. When task D is
required, 5.5 through 5,5. 11.3.3 shall be performed.

1.2.5 Task E: Machine Soldering pr~cess Cent.rcls. When task Z is
required, 5.6 through 5.6.7 shall be performed.

1.2.6 Task F: Process Control Manufacturing For Existing Designs. When
task F is required, all requirements of tasks A, C, D, and E, contained in 5.2
through 5.2.9,4 and 5.4 through 5.6.7 shall be performed.

1.2.7 Task G: Controlled Process Manufacture@. When task G is
required, all requirements of tasks A through F, contained in 5.2 through
5.6.7 shall be performed.

2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.7 Specifications, standards and handbooks. The following specifica-
tions, standards and handbooks form a Dart of this document to the extent
specified herein. lJnless’otherwise specified, the issues of these documents
are those listed in the issue of the ilepartment of Defense Index of Specifica-
tions and st~rl~ards [llf39!SS) and supplement the~ct~, citeo in the sul~citation.
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SPECIFICATIONS

FEDERAL

O-E-760

O-M-232

QQ-N-290

QQ-S-571

TT-E-848

TT-I-735

MILITARY

MIL-1-7444

MIL-F-14256

b!IL-j-22076

MIL-E-22118

M:L-I-23053

MIL-P-28809

MIL-G-45204

MIL-C-45224

!lIL-I-46058

MIL-P-50884

MIL-P-5511O

I1]L-2-55342

‘.l;L-:-55365;4

f!l~:-r-~l~r:p

Ethyl Alcohol (Ethanol) Denatured Alcohol, Proprie-
tary Solvents and Special Industrial Solvents

Methanol (Methyl Alcohol)

Nickel Plating, Electrodeposited

Solder, Tin Alloy, Lead-Tin Alloy and Lead Alloy

Buty; Alcohol, Secondary, Fur Use ir~Organic Coatings

isopropyl Alcohol

Insulation Sleeving, Electrical Flexible

Flux, Soldering, Liquid (Rosin Base)

Insulation ‘ubin$, Electric~l I{onrig id, ‘v’
Low Temperature Grade

Enamel, Electrical, Insulating

lnsulatiov Sleeving, Electric~l, He~t Shr
General Specification for

Printed Wiring Assemblies

Gold Plating, Electrode Deposited

nyl, ‘v’ery

rll:at~le,

Cable and Harness Assemblies, Electric~i, Nissile
System, General Specification for

Insulating tomDound. Electrical for Coatina Printed
Circuit Assemblies “

Printed Wiring, Flexib

Printed Wiring Boards

!!psiltor, Fixed, Fi’n,
bilitj, General 5pecif

e and Rigid-Flex
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.
SPECIFICATIONS (continued)

MILITARY (continued)

MIL-T-81533 Trichloroethane 1, 1, 1 (Methyl Chlorofot-m)
Inhibited, Vapor Decreasing

MIL-P-81728 Plating, Tin Lead, Electrodeposited

I,llL-S-8~5~9 Splice, Shield Termination, Solder Style, Insula-
tion, Heat Shrinkable, Environment Resistant,
General Specification-

MIL-C-85447 Cleaning Compounds, E’
Components

STANDARDS

FEDERAL

FED-STD-376

MILITARY

MIL-STD- 105

MIL-STD-202

MIL-STD-275

MIL-STD-454

v]L-5Tp-75@

MIL-STD-883

Don-sTr)-1686

IIOCI-5-1)-1866

MIL-STD-2118

for

ectrical and Electronic

Preferred Metric Units for General Use by the
Federal Government

Sampling Procedures and Tables for Inspection by
Attributes

lest Methods for Electronic and Electrical Component
Parts

Printed Wiring for Electronic Equipment

Standard General Requirements for Electronic Equip-
ment

Test Methods for Semiconductor Devices

Test Methods and Procedures far 14icroelectrori’ics

Electrostatic Discharge Control Program for Protec-
tion of Electrical and Electronic Parts, Assemblies,
and Equipment (Excluding Electrically-Initiated
Explosive Devices) (Metric)

Soldering Pt-ocess, General {Non-Electrical ) (~~etric)

Flexible and Rigid-Flex Printed Wiring for Elec-
tronic Equipment, Design Requirements for

!1S21266 Grommet, Plastic, Edging
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es of federa and military Specifications,
standards and handbooks are available from the ?{aval Publications and Forms
Center (Attn: NPOIJS), 5801 Tahor Avenue, Philadelphia, PA 19120-5099. )

2.2 Non-Government publications. The following document(s) form a part.
of this document to the extent specified herein. Unless otherwise specified,
the issues of the documents which are DOD adopted are those listed in the
issue of the DODISS cited in the solicitation. Unless otherwise specified,
the issues of documents not listed in the DODISS are the issues of the
documents cited in the solicitation.

INSTITUTE FOR INTERCONNECTING AND PACKAGING ELECTRONIC CIRCUITS (IPC)

ANSI/?Pf-T-50 Terms and Definitions for Interconnecting and
Packaging Electronic Circuits

IPC-SM-840 Printed Board, Permanent, Polymer Coating (Solder
Mask) for Qualification and Performance of

fflpplication for copi~s should be addressed to the institute for Inter-
connecting and Fackaging Electronic Circuits, 7380 NC)rtn Lincoln AVenue,
Lincolnwood, IL 60646.)

A~4ERICAN SOCIETY FOR TESTING ANI) MATERIALS (ASTM)

A’j-llD 3?95 Polytetrafl uoroethylene Tubing

(App~jcati~ns for copies should be addressed to the American society fOr

Testinq and Materials, 1916 Race Street, Philadelphia, ‘A 19~G3.

CFR, Title 29, Code of Federal Regulations, Occupational Safety
Part 1900 to 1919, and Health Administration, Department of Labor
Cnapter XVli

(Application for coDies should be addressed to the American Conference of
;nd~strial }:ygienists, 6!50’2Glenway, ~uildirjg ~-~, ~in~;nnat.i. OH ~~~~1,)

Industrial ‘ientiiations, Nanual of Recommended ‘ractices

(Application for copies should be addressed to: Ccmmittee cf :ndustrial

Ventilation, P.0, Box 16153, Lansing, ~11 48902.)

2.3 Order of precedence. In the event of a conflict between the text of
this document and the references cited herein, the text of this document takes
I)rececence. !Jothinq in th~s documer~t, however, supersedes appl icable laws and
regu

shal

atj[)rl~un~e~~ ~ specific p~emptjon has heel; ubt~ined,

3. DEFINITIONS

3.1 Terms and definitions. The definitions applicable to this standard

be io ~ccordance with ANS1/lPC-T-50.

-
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4. GENERAL REQUiRLMENIS

4.1 Interrelation of applicable documents.

4.1,1 Order of precedence, In the event of a conflict between the text
of this standard and the references cited herein, the text of this standard
shall take precedence.

4.1.2 Conflict. In the event of any conflict between the requirements
of this standard and the applicable assembly drawing(s), the government
approved applicable assembly drawing(s) shall govern. In the event of
conflict between the requirements of this standard and an assembly drawing
that has not been approved by the government, differences shall be referred to
the designated government activity for approval. Upon such approval, the Pro-
visions shall be officially documented (by notice of revision or equivalent)
on the assembly drawing(s) which shall then 9overn.

4.1.3 Existing designs. The requirements of this standard shall not
constitute the sole cause for redesign if the design has been approved. How-
ever, when drawings for such existing designs undergo revision for any reason,
they shall be reviewed and changes made that allow for maximum practical
compliance with the requirements of this standard.

4.2 Visual aids. Line drawings, illustrations and Photographs depicted
herein and-any additional provisions approved by the procuring Government
Contracting Officer are provided as aids for ti~termining compliance ~ith the
written requirements of this standard and shall not take precedence over the
written requirements.

4.3 Nonelectrics’i soldered connectiul]s. Soldered connections utilized
to join surfaces in nonelectrical applications shall be in accordance with
DOD-STD-1866.

4.4 ‘jClderabilityo The sc?derability of parts shdll meet the require-
ments of:

a. MIL-STD-750 tlethod 2026 for

b, MIL-STD-863 Nethod 2003 fcr

semiconductors,

microelectronics,

c. MIL-P-55I1O for rigid prictec! wiring bclards,

d. HIL-P-50884 for flexible and rigid-flex printed wiring boards,
and

e. MIL-STD-202 Nethod 208 for all other parts not covered by {a)
through (d) above,

4.5 ~rintp~ ,~irjn~e Rigid printed i;ir~ng shall be
lliL-STD-275 and /jujlt in accordance with II]L-P-55]1O. F’
printed iiiring shall be designed to II]L-STL)-2118 and bui
NIL-P-<0884. When used, blind and buried vias shall be
tPst cc~;pons.

designed to
exible and rigid-fle~
t in accordance with
ncorporated in all
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4.6 Solder mask. Dry film polymer mask shall be applied by a vacuum -

laminant process. Polymer solder mask coatings and temporary maskants shall
also be of a material that:

a. Does not degrade the substrate material or printed wiring;

b. Precludes solder flow to the masked area;

c. Is compatible, if left in place, with printed wiring board
basis material, solder, printed wiring, and subsequently
applied conformal coatings; and

d. If temporary, can be readily removed without post-removal
res idual contamin~t ion harmful to board integrity.

4.7 tlarkings and designators. hlarkings and designators shall be in
accordance with Requirement 67 of MIL-STD-454.

4.8 Electrostatic discharge. Electrostatic discharge control for the
Protection of electrical and electronic parts, components, assembl ies and
equipment shall be in accordance with NIL-STD-1686.

~.q Facilities. tools and efil)iomert.

4.9,1 The soldering facility.

4.9.1.1 Cleanl iness. Work areas and tools shali be maintained in a —.

clean and orderly condition. There shall be no visible dirt, grime, grease,
flux, or sclder splatter, nor other contaminating foreign materials at any
work station. Eating, smoking, or drinking at a work station shall be
prohibited. Handcreams, ointments, perfumes, cosmetics, and other materials
unessential to the fabrication operation are also prohibited at the work
station.

4.9.1.2 Liqht ina. Illumination at the working surface of soldering
stations shall~foot-candles minimum (1077 Lm/m2).

4.9.2 Soldering and related tools.

4.9.2.1 Tool selection. Tools shall be suitable for the purpose
intend~d and sfialI not cause damage to the Parts, boards, or solder connec-
tions. The following tools are considered suitable for their application.

4.9.2.2 Steel wool. Steel wool shall not be used.

4.9.2.3 Mechanical strippers. Mechanical strippers util ized to remove
insulation from stranded or sol id Ccnductor wires may he of the nand ~perateu
or automatic high volume machine type, Hand operated strippers shall be of a
fixed die configuration (see figure l), Automatic high volume machine
strippers shall be of a type util izing either fixed dies, dies ~djustable tO
cal ibrated stops, or rcll’er cutters adjustable to cal ihrated stops. Dies,

6
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whether adjustable or fixed, shall be properly maintained to assure
consistently sharp and even cuts without damage to the wires or unstrapped
insulation.

FIGURE 1. Mechanical hand wire stripper (see 4.9.2.3).

4.9.2.4 Chemical strippers. Chemical solutions, pastes, and creams used
to strip hookup and magn~t wires shall be suitable for removal of the il?SUla-
tion to be stripped and shall be limited to those that:

a. Cause no degradation of the base metal of the wire.

t). Allow wires or conductors to be neutralized and cleaneo of both
ionic and nonionic contaminants.

4.9,2.5 Thermal strippers, TIlermal str;ppers btilized to remdve insula-
tion from stranded and solid ~nductor wires shall be of a type that can be
regulated to provide the required temperature. Temperature controls shall be
sufficient to prevent damage to the wire or unstrapped insulation.

4.9.2.6 Solder for thermal solder stripping. If applicable, thermal
~.[l~flprstripping of solder Strippahie magnet w~re (with polyurethane or
similar insulation) may be performed by hot solder appl ication in compliance
with the wire manufacturer’s recommendations.

4.9,2.7 Holding rievic~s. TOOIS, fixtures, and materials l~sed to hold or
restrain wires and components shall be of a design which will not damage or
deform the wires, leads, wire insulation, or components. If toothed clips are
utilized, the jaws of the clips shall be covered to provide the required
protection.

4.9,2.9 Bendinq tools. Bending tools used for wire or lead bending may
$.-,‘(,,a1,tI’;W,:t I(:())’II[!rI(j j (Ilp 1 ~lili! !1ts dnd stjll Le ~f d mfiteritil that will n:!t cut,
nick, or otherwise damage solid or stranded wires, leads, integral insulation,
or any other insulation or insulators added prior to the bending operation.
Bending too]s shall be of a type that imparts no damage to the component
bodies or seals.

,’
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4.9.2.9 Automatic lead forminq devices. Automatic lead forming devices -
are acceptable. Smooth impression marks (base metal not exposed) resulting
from bending tool holding forces shall not be cause for rejection.

4.9.2.10 Clinchin~ tools. Clirlching tools or clinching devices shall be
of such design and shall be made of a material which will not cause damage to
printed wiring boards, printed circuitry, and component leads or components
mounted thereon.

4.9.2.11 Wire and lead cutting tools. Tools used to cut ieads of semi-
conductor devices and other shock-sensitive components shall not damage the
components. Shear-type cutters or holding fixtures to absorb the shock may be
used. Diagonal, side, or end cuttina tools mav be used to cut wire or leads

Heat source. Devices used for shrinking heat shrinkable tubing
~ball be t~m~er~t[)rp ~~ntrf)ll~~ to pyevpnt. fjarnage to comnonertts~
boards.

wiring, or

C c1 ~ ‘? -.I,,I.PI;,l ,), ,.: -hr,. r-,; ,1! ,1.+:,.. - .) L’1 l.;, .C ,.1., ~;4_,,.i,+

:jzD, zhape, and design as :5 perm~t’ rapid application and remov?l with “
minimum interference to the soldering procedure and tc facilitate raplc! heat
dissipation from the area being soldered.

4.9.3 Soldering equipment.

4.9.3.1 Solderina irons. Scldering irons and resistance heating
elements shall be s~lectecf t~ Inpet the ~lertrostatic discharge requirements Of

4.8 and shall heat the connecti~n area rapidly and maintain proper sG]dering
temperature at the connection throughout tile soldering operatiur,.

4.9.3.2 Soldering iron holders, A soldering iron holder shall be of a
type satisfactory for the ~oldering iron utilized. The holder shdil leave the
soldering ircr, el~ment and tip unsupported fiithaut applied excess physical
stress or heat sinking and shall protect personnel from burns.

4.9.3.4 Soldering guns. Soldering guns of the transformer type shall
not be used.

4.3.3.6 PIachine sol~erina systems. :iachine soldering systems sP1611 be
of the automatic or automated type of such design to provide:

a, P capability for preheating printed wiri~q assembli~s.
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b. The capacity to maintain the solder temperature at the printed
wiring assembly within +lO”F (+5.5”C) of the established Ixith
temperature throughout The spafi of any continuous soldering run.

c. An exhaust system, either integral or separate, adequat~ to
assure conformance with applicable OSHA health and safety
requirements.

4.9.3.7 Carriers. Devices used for the transport of printed boards
thro~lgh preheat, sold ering, and cooling stages shall be of such material,
design, and configuration that they shall not contaminate, mar, or otherwise
damage the printed board. Carriers shall not transmit vibrational or shock
stress from the conveyors or other such mechanisms to cause board, part, or
component degradation and shall also be of such design to prevent electro-
static rlischarge damage to components.

4.10 Materials. Materials used in the soldering processes stipulated in
this standard shall be as specified herein. The materials and processes
specified herein may be incompatible in some combinations. The manufacturer

is r.sspcr,sible for selecting those matet-ials, ana processes that will produce
acceptable pruduc”ts.

4.10.1 Solder. Solder composition Sn60. Sn62. or Sn63. sclder form
optional, con~g to
conforming to QQ-S-571,
ifieci on the government
shall be type R or RIM.

QQ-S-571’shal\ be used. Sn$, SnlO, or Sn96 solder,
may be used for high temperature soldering when spec-
ap~rsved assembly drawing. The flux of cclred solder
Core conditions and flux percentages are optional.

4.10.2 Flux. Rosin based fluxes conforming to types R or RIoIAof
y~l -r- 14256 s}~ be u~ed fcr making s~ldered connections, The fiux used in
s~lder (wicking) braid shall be type R or RMA. Rosin base flux conforming to
Type RA of MIL-F-?4256 may be used for tinning component leads of sealed
devices, solid bus wire, and terminals provided that:

a. The tinning process is performed in a closed area isolated from
fabrication or production areas;

b. The contractor maintains controls to prevent distribution or
use of Type RA flux outside the prescribed tinning area and the
Type RA flux is not stored in uncontrolled storage areas; and

c. Items processed are not returned to production or fabrication
processes until all residues have been removed. The Government
may review flux removal procedures, processes, and processing.
If at any time flux residue is detectable after these processes
are completed, the use of I?A flux shall be suspended until
acceptable corrective action is implemented,

4.10.3 Solder creams (paste) and solder preforms. Solder creams (paste)
and solder preforms shall meet the requirements of 4.1O.I and 4.10.2. Flux
solvents LJsed in solder creams (paste) Shall not be harmful to the work piece
or solder joint and shall be easily removed after the soldering operation.
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4 .10.4 Solvents and cleaners. The solvents or aqueous cleaners used for w

removal of grease, oil, dirt, flux, and other debris, shall be selected for
their ability to remove both ionic and non-ionic contamination. The solvents
or cleaners used shall not degrade the materials or parts beinq cleaned. A
list of approved solvents and cleaners is prcvidet in tables I ond 11. ~f
other solvents and cleaners are used, analysis and documentation demonstrating
compliance with the above requirements shall be available for review and dis-
approval. Mixtures of the approved solvents may be used.

TABLE 1. Solvents.

Solvent Specification
\ —.. —~
I

I

Isopropyl Alcohol

Methyl Alcohol (see 4.10.4.3)

RI.ItylA1c0401 Secondary
(see 4.10.4.3\

Trichlorotr ifluoroethane (see 4 .10.4.1
and 4.10.4.2)

Trichlorotrifl uoroethane (see 4. 10.4.1
and 4.10.4.2) I

I n-T-TfifllTvnes 17?, IV o~v I

TT-:-735

O-N-232, Grade A

TT-B-948

,

I
~ 141L-C-85447, Type Ii

I
1 Solvent ~etroleum t’isiillate (Stooaard’1 Use Appenflix H I

k (see4 104.4)
I

. ....-~

TABLE 11. C]ear(ers.
~...

~~~an~~s Specification/Note
i I —
t --------------------------------------------------------_—.— —.

I Water
(

1 megohm-cm, 7
minimum resistivity

I I

~eterqent cieaners and sapc~’:ifiers
L.- -

I
sdJh,jPct to feview dnc! c’~tacpr~v?l

I .~

!JOTE: 1, 1, l-Trichloroethane may attack plastics commonly used in
electronic assemblies, including acrylics and polycarbonates and
may also attack rubber, neoprene and silicone. Use of tnis
solvert should be restricted or carefully controlled, (30 not mix

with water. )

c.lO,~. l Sclvents ir!which ~ nitrnm~t.l)ane stabilizer is blenoed ,~ith
trichlcrotr ifluoroethane conforming tc either ?~IL-C-81302 or MIL-C-85447 (Type
11) ar~ also acceptable provided SUCE rlixtures are preblended by the supplier.
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. 4.?0.4.2 Trichlorotr ifluoroetll~r]e blends which include ketones or halo-
carbons other than chlorofl uorocarbc,ns defined in NIL-C-81302 or [IIIL-C-85447
(Type II) are unacceptable. Mixtures of trichlorotrifl uoroethane and water
shall not be used.

4.10.~.3 Methyl alcohol and secondary butyl alcohol shall be used only
when purchased as a constituent of an already blended solvent. Pure methyl
alcohol or secondary butyl alcohol shall not be used alone as a solvent.

4.10.4.4 Solvent in accordance with Appendix A shall be used only as a
constituent of an already blended solvent. The pure solvent shall not be used
unblended. The blended solvent shall not be used as a final cleaner.

4.11 Preparation for soldering.

4.11.1 Cleanliness. The cleanliness of terminals, component leads,
conductors, and printed wiring surfaces shall be sufficient to ensure solder-
ability, When required, the surfaces shall be cleaned by either chemical
methods or tinning. Cleaning shall not damage the component, compon~nt leads,
or conductors, Knives, emery cloth, sandpaper, sandblasting, braid, erasers,
zncl gthpr abra$i’:e5 Shal? net be used. C.l~tirlir]gmay be as follows:

a. Grease and oil shall be removed from conductors and terminals
by app;jiiig d ltullLorrosive suivenL such as: i, i,
I-trichloroetharre conforming to MIL-T-81533; ethyl alcohol con-
forming to O-E-760, type 111 or isopropyl alcohol conforming to
TT-1-735.

b. Oxides and varnishes shall be removed by methods which do not
damage leads or parts., and which de riot CPI.JSPcontamination or
hinder solder wetting.

c. Dust or other loose matter shall be removed.

N13TE: When chemical compounds are used, caution should be exercised to
protect personnel from toxic vapors that are emitted.

4.11.2 Strippinq ir-lsulation. Sufficient insulation shall De stripped
from the wire or leads to provide for insulation clearances as specified ir
4.11.4.4. In stripping insulation, care should be taken to avoid nicking or
ctherwise damaging the wire or the remaining insulation. The number of
damaged or severed strands in a single wire shall not exceed the limits given
in table 111. Wires used at a potential of 6kV or greater shall have no
broken strands. Insulation discoloration resulting from thermal stripping is
permissible.

.1
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TABLE III. Limits.

Maximum allowable nicked
Number of strands or broken strands

Less than 7 0
7-15 1
16-18 2
19-25 3
26-36 4
37-40 5

41 or more 6

NOTE : Uhen performance of task C (see 1.2.3) is rqufre~, n@ ~~~ke~

strands are allowed.

4.11.3 T~nning. At the time of soldering, component leads and termina-
tions not meeting the designated solderability requirements shall be reworked
by tinning or other methods as defined in paragraph 4.11.1, Where tinning is
Uzec!, e?ectr:plated tin-?~ad ~hell be in acc~rdance with MII..-R172828 and hct
d;p solder tinning shall provide a minimurr solder thickness of 0.0001 i~ch
(0.0025 mm) on the surface of round leads and the crest of flat leads.
T il’it’~irlgof a stranded wire shtil~ riot GLscdre the WII”P ccntoLt- it the term~la-
tion end of the insulatiorl to permit inspection of the wire for damage. Heat
sinks shall be applied to leads of heat sensitive parts during the tinning
o;eratiur., ~b.c preconditiorin~ solder pot shall 1.)smaintained ir ~ccordal-lce
with 4. 13.4.1 and 4.13.4.2. W]cking of solder under the insulation of —

stranded wire shall be minimized. Solder shall not obscure the contour of the
C:ndi.jrtor ~t the terminat ion [1’fttle insll~at.iofl. The leads of all devices tc
be planar mounted shall be tinned prior to installation.

4.11,4 Attachment of wires and axial-leaded component leads. Unless
otherwise specified hereir attachment of wires and leads to term]nals and to

printed boards shall be in accordance with MIL-STD-275 for rigid printed
wiring boards and MIL-STD-2118 for fle~ and rigid-flex printed wiring boards.
(Other attachments of wires and le~ds shall meet the requirements of the
following paragraphs.

4. 11.4.1 Wire and lead wrap ZirOUTId. Leads and wires shall be
mechanically secured to their terminals before soldering. Such mechanical
securing shall prevent motion between the parts of a connection during the
soldering operation. Leads dnd wires shall be wrapped around terminals for a
minimum of one-half and not more than three fourths turn (see figure 2). For
AWG size 30 or smaller wire, a minimum of one turn and a maximum of 3 tUrTIS
shall be used. Excent ion is made i~ the case of these small parts ‘used for
t~rqinat il?g:pndu~~n~$ ~~!c Y!] i)j~‘CI1 ‘;...ll-}.~cchanirfil <PC jrirlu would :)e

impracticable,
.

such as connector solder- cups, slotted termirlal pests anc hea;
shrink~ble solder devices. Lead extension shall be restricted to the limits
required by design to prevent equipment malfunction. ~n no cdse sh~ll wires
and leads he wrapped on or atop each other. in addition, the t-equirements of
~llL-STP-454, i?equirernent.’17, shall apply.

12
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A. 3/4 TURN B. 1/2 TURN

FIGURE 2. Wire and lead wrap around (see 4.14.4.1).

4. 11.4.2 Lead bends, For parts other than planar mounted devices the
distance between the body of the part or weld and the bent section of a lead
shall be at least twice the diameter of the lead but not less than 0.030 inch
(0.76 mm). The radius of bends shall conform to table IV and figure 3.
Planar mounted device lead forming requirements are located in paragraphs
4.11.5 thru 4.11.5.9.

~STRAIGHT T02-DIA OR STRAIGHT TO 2-DIAOR
0.030 in.(0.76mm)MlN. 0.030in.(0.i’6 mm)MlN

BEYONDTHE WELD

---A L-DIA

I I

A. STANDARD BEND B. WELDED BEND

START OFBEND
RADIUS FOR45°

72

/

R

I

/

JN START OFBEtJD
RADIUS FOR 9C0 ,A

C. 90° MA XI FA\JM (1 45° MINIMUM

: .“
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TABLE lV. Bend radii.

Lead diameter (inch) Minimum radius (R) (inch)
—.— .-.

Up to 0.027 inch (0.69 mm) 1 diameter
From 0.028 to 0.047 inch (0.71 to 1.19 mm) 1.5 diameter
0.048 inch (1.22 mm) and larger 2 diameter

4. 11.4.3 Stress relief. Axial or opposed lead devices with leads term-
inating at a connection point shall have a minimum lead-connection-to-body
offset of at least 2 lead diameters or thicknesses. but not less than 0.030
inch (0.76 mm), as an allowance for stress relief ~o minimize tensile or shear
stress to the soldered connection or part during thermal expansion. Where the
~~mrnnpnt bo~Y will ~ot ~)e ~erlJr~d tn the mounting surface by bonding,
coating, or other means, the lead(s) on only one of the opposing sides of the
component need be so configured. Typical examples of stress relief are
included in figure 4.

Devices with bodies either Alternate method for devices
secured or unsecured to the with bodies unsecured to the
mounting surface mounting surface

-6+-+-- -
A

A

---

A

-w
A A

!(j),-.\_/— ———————————————
iI m

EQza
I

A A

I

A

Measurement “A” is equal to or greater than two times lead
diameter or thickness but not less than 0,030 inch (0.76 mm).

—
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4.11 .4.4 Insulation clearance. Clearance between the solder of the

Connection and he end of either separable or fixed insulation on the wire in
the connection shall be as follows:

a. Minimum clearance. There shall be visible clearance between
the insulation and solder connection. The insulation shall not
abut the solder, nor shall it be embedded in, nor surrounded by
the solder. Neither shall the insulation be melted, charred,
seared, nor diminished in diameter.

b. Maximum clearance. Clearance shall be less than two wire
diameters (including insulation) or 1/16 inch (1.58 mm), which-
ever is larger, but shall not be such that it permits shorting
between adjacent conductors,

c. High voltage clearance: The insulation clearance for high
voltage wires (thick walled insulation) shall be 1/8 + 1/16
inch (3.18 + 1.58 mm) unless otherwise specified in the
assembly drawing.

4.11.5 Planar mounted device lead forming.

4 .11.5.1 Planar mcur,tec!device lead bpnds. Lezdz chal? be su~ported
during forming to protect the lead-to-body seaT. Bends shall not extend into
the seal. The lead shall extend a minimum of 0.015 inch (0.38 mm) from the
body before being bent. Leac! herld radius shall be 1-1/2 thicknesses (1.5) or

.- 1-1>2 wire diarlcters (1.5) minimum. The anqle of that par-t of the lead
between the upper and lower benas in relation to the mounting pad shall be 45°
minimum to 90~ maximum (see figure 5).

R=I.5TOR

qr

0.0!5 INCH MIN l~DMIN

(0.38 mm)

)
/,/

45”MlN_

90° MAX

[
/

1

! A, ACCEPTABLE

443HT(:’’’
BENDAT BODY (SEAL)—”’

B.NOT ACCEPTABLE

I$
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4. 11.5.2 Planar mounted device lead forming over circu]try. Parts
mounted over protected surfaces, or surfaces without exposed ~cuitry, may be
mounted flush. Parts mounted over exposed circuitry shall have their leads
formed to allow a minimum of .O1O inch (0.25 mm) between the bottom of the
component body and the exposed circuitry (see figure 6).

O.OIO INCH MIN

A, ACCEPTABLE

-+ -+

B, NOT ACCEPTABLE
Fj;\jj?: ~. planar mou~yec device 1626 forninc over c’rc.ii~rv (Lee..——. .——.—.-—— .. ___

4. 11.5.3 Planar mounted device lead deformation. Kinor lead
shall be allowed, provided none of the following conditions exist
figure 7):

a, No evidence of a short or potential short exists.
b. Ledd or body is r-lotdamaged b~ the deformation.
c. Top of lead uoes nut extend iJeyond :Ile top ~f bJJJ.

stress loo~s ma} e~tend above the top of the body.

TOP OF
LEAD BEND-. \

TOE CURL 2T },IAX

1

.,,.
1

-1.:.2’,-+,1
.-

deformation
see

FIGukl_ ;~o Planar mounted device lead deform~t ion {see 4.11.5.3).

lE
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STRESS LOOP MAy—--’”
EXTEND ABOVE
COMPONENT BODY

B, PREFERRED STRESS LOOP

STRESS LOOP MAY EX7Z14D
ABOVE COMPONENT BODY

... ,, ..,’// /,,/,,. ,/, ,,, <</ ./ .,.,.$. ,

C, PREFERRED STRESS LOOPS

F? Gl,IRF7. ~?anar moun~~d d%Y_i.~Ql____Ieac deformation (see ~.l~”t”3) (conti.n}..e.~.).”——.-......--.-.—--.—---... ... ............. ...........

4. :1.5.4 planar mounted device lead and land Contact. Minimum cOntaCt

length shall be equal to the lead width for flat ieads and two times the

diameter (2D) for round leads (see fi9ure 8).

“ —“+

u

\&

A, ROUND LEAD

planar ~ountcd device l~~d and land cent.aft (see 4.11.5.41.FICL’RE f3. ~ “—-..--—--———-—. ..... ............ ...............................-....—.-.——--..-.——

B, FLAT LEAD
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4. 11.5.5 Planar mounted device flat lead overhanq. Flat leads may have

min”imum conductor spacing
side overhang, provided the overhang doet not exceed 25 percent of the lead
width or 0.020 inch (0.5 mm), whichever is less, and
is maintained (see figure 9).

&

25 PERcENTW MAX

~, f

J&

“ ‘1
[

LEAD

LEAD <$ /

/’

t @

L ..
w v’

\ T
----J.

Ml
’25 PERCENT WMAXJ

7\
f- I-AND ‘LAND

A B c

FIGURE 9, Planar mounted device flat lead overhang (see 4.11.5.5).

4. 11.5.6 Planar mounted device roufld or ccined lead side overhanq.
Round, flatted, or co~ned leads of planar mol]rtefl devices shall not exhibit

/9 S!DE OVERHANG-

/-’-=’-/.-’-gJ-&LEADAT EDGE
OF l-AND

\

B ACCEPTABLE (MINIMUM) c, NOT ACCEPTABLE
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4 .11.5.7 Planar mounted device lead tce overhdnq. Toe end of leads of-——----—-——-
planar mounted devices may overhang tlIe ~dfl[l, proviai the minimum Condllctor
spacing is maint,~irled, the tot~l overhang does not exceed 25 percent of tile
lead width or dianleter (rotlnd leads) or 0,020 inch (0.5 mm), whichever iS

less, and the minimum contact length is maintained (see figure 11).

Iw

1
‘-.. *,..

,--?5 pFRCENT WIDTH OR
&

,.0+ ~0~~ INCUES !~51_nm)-.
WHICHEL’EE IS LCSS

A, FLAT LEAD

2D

J‘;- 25 PERCENT OF DIL
OR 0.020 ;;Jci-iEs [C.cll-iifn)
WHICHEVER IS LESS

B, ROUND LEAD

FIGURE 11. Planar mcunted device lead toe overhana (see 4.11.5.7).

4. 11.5.8 Planar mounted device lead heel clearance. Round and flat
leads shall be ~~cec! so that the heel snail be a minimum of 2D or lW from the
edge of the land (see figure 12).

L
[ I 1 [ I 1

Llwd
4
/

i-0-2D~
‘IAND MIN LANC- MIN

A, FLAT LEAD B. ROUND LEAD

FIGIJRE 12. Planar mounted device lead heel clearance (see 4.11.5.8).

4. 11.5.9 Planar mounted device lead height off land. Round cr ccineG
leads may be raised off the land surface a maximum of one-half of the original
lead diameter. Flat or ribbon leads may be raised off the land surface a
maximum of two times the lead thickness or 0.020 inches (0.5 mm), whichever is
less (see figure 13). Toe up or toe down on flat and round leads shall be
permissible ~rovidefl that spp~rat.ion h~twp~n leads and terfninat iOn ar(?a dO~S

I(U1 eJ,Leed .?i df;d ~~~b illii~~.

15’
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r-o:TAx,/,,/,///,‘Ti

A B

I-’TMAX-n r31213 MAX
i

FIGURE 13. Planar mounted device lead height off land (see 4.11.5.9).

4.11.6 Surface mounted devices. Llnless ot~~erwise specified herein, the

mounting and sold erlng of ieadiess chip carriers, J-1eaded devices and other
surface mounted devices sha:i be irl accordance with I<;L-ST3-275.

4.12 hlanual soldering.

4,12.1 A lyin
~“ “hen Used’

liquid flux shall be applied in a
thin, even coat to t ose surfaces being joined prior to application of heat.
Cored sclder wire shall be placed in such ~ positiort that the flux can flow
and cover the connection as the sclder melts. FILJY. shall be app~ied such tblat
rIo damage will occur to surrounding parts and materials.

4.12.2 A 1 in
~“

The areas to be joined shall be heated to cause
melting of the so der and wetting of the surfaces. Excessive time (slow
heating) and excessive temperature shall be avoided to prevent unreliable
connections and damage to parts. Heat sinks shall be used as required for the

R
rotection of parts. Parts, wire insulation or printed wiring boards which
.ave been charred, melted, or burned shall be replaced. When heat has caused
part materials to discolor, further evaluation shall be p~rformed tC ascertain
whether the essential properties have been adver$el~’ affected; if so, the item
shall he replaced.

-
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L
4.12.3 Applying solder. The areas to be joined shall be heated to the

correct temperature, then the solder shall be applied to the connection and
not the soldering iron; however, a very small quantity of solder may be
appl ied at the place where the iron tip touches the connection to improve heat
transfer. When solder preform or sclder paste methods are used, the solder
shall be applied to the connection prior to heating.

4.13 Wave soldering for printed wiring assemblies.

4.13.1 Board condition. Prior to soldering, the assembly shall be
adequately dried.

4.13.2 Flux application. Liquid flux shall be applied by the dip,
spray, brush, rol 1, wave, or foam method and shall form a thin coating on the
surface. The flux shall be thinned as necessary to meet the requirements of
flux application; hotiever, the flux shall still meet the requirements of
4.10.2, The flux shall be dried to a tacky consistency before wave soldering
to prevent solder splatter.

4.13.3 Preheating. Printed wiring assemblies shall be preheatec prior——...-.— .....-_.ti
to soldering. The preheat temperature shall not exceed the maximum tempera-
ture rating of parts.

4.13.4 Solder bath. The solder bath shall be maintained at a tempera-
ture of 450”F to 550”F [232°C to 288”C). The period of exposure of any
prin~pd l~ivilc b~ara t~ ? sclder b~:h ~h~ll be ? imit.ec!to a durat ion which

- will not cause damage to the board or parts mounted thereon. in no case sh~ll
the temperature or length of time be such as to cause damage to heat sensitive
parts. Periodic inspections of the solder bath shall be made to insure that
contamination levels meet the requirements of 4.13.4. lb.

NOTE : The temperature and the time of contact between the assembly and
the solder js dependent upon such factors as preheating, thickness
of board, number of contacts or conductors, and the type of parts.

4.13.4.1 Ilaintenance of sclder purity. Sclder purity shall be main-
tzi!ned zs follows:

a. Before soldering a printed wiring board, all dross appearing on
the surface shaln be removed. tta inless steel cr polytetra-
fluoroethyl~n~ (TFE) shall he used for stirring solder and
removing dross. Dross blankets may be used provided the
blankets do not contaminate the solder.

bf. jf the amount of any individual contaminant or if the total of
contaminants 1 isted exceeds the percentages specified in table
V, the solder sha~l be reFlaced ur altered to be brougnt within
specifications.
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provide definite indications that such action will not adversely affect the
purity of the solder bath. If contamination exceeds the limits of table V,
intervals between analyses sha?l be shortened to those eight hour operating
days shown in column A or less until continued purity has been assured by
analyses. Records containing the results of all analyses and solder bath
usage shall be available for Government review.

4. 13.4.2.1 Guidelines. The information provided in the right hand
column of table V 1s a guideline for monitoring of the soldering operation and
may be used to indicate a need for increased frequency of testing, other than
that shown in columns A, B and C, to ensure proper purity levels.

4.13.5 Touchup. Manual soldering as specified herein is permitted, if
necessary, to remove solder projections, icicles, and bridges of solder, or to
~dd solder to the part connection area. The quality standards for touchup
shall be the same as for the original work.

4.14 Hold down of planar mounted device leads. Except for lead compres-
sion during resistance reflow soldering, planar mounted device leads shall not
be held down under stress during solder solidification.

4.15 Coolinq. No liquid shall be used to cool a soldered connection.
The connection shall be cooled at room temperature only. Heat :ink~ may be
used to expedite cooling. The connection shall not be subjected to movement
or stress at any time during the cooling and solidification of the solder.

4.16 Rework. The reworked connection shall conform to the requirements
for the ori~connection. A cold solder or disturbed connection may
require only reheating and reflowing of the solder.

4.17 Post soldering cleaning. Residues shall be removed within one hour
after soldering by applying approved noncorrosive solvents as specified in
table 1 and drying. !Iechanical means such as agitation or brushing may be
used in conjunction with the solvents. The cleaning solvents and methods used
shall have no deleterious effect on the parts, connections, and materials
being cleaned. Ultrasonic cleaning shall not be used for cleaning electrical
or electronic assemblies or components or parts that contain electronic
components, After cleaning, there shall be no visible evidence of flux
residue or other contamination when examined in accordance with paragraph
4.19.1.

4.18 Cleanliness testing. Periodic testing of ionic cleanliness of the

product of each cleanlng system, except interim cleaning (at the workstation),
shall be conducted on a random sample basis to ensure contamination limits
have not been exceeded. The resistivity of solvent extract test, or the
sodium chloride (NaCl) salt equivalent ionic contamination test, or an

equivalent test which is fully documented and available for review and dis-
approval] by the government shall be {Ised tG test for iOf_!iC C~eanlineSS. The
rest ivity of solvent extract test shall have a final value greater than 2
megohm-cent imeters. The sodium chlorlde salt equivalent ionic contamination
test shall have a final value less than 10.0 micrograms per square inch Of
boarti surface area.

-
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Contamln~nt~f

——
Copper

Gold

Cactmlum

zfnc

Alu!!slnum

Ant~mony

1ron

Arsen fc

B ismuth

S{lvcr ~/

N Ickel

———
f43T im(fmContainIf,.4t io_I I Imlts

Percent lIy IJCight
——— ~— -—

Preccn~ It ionimg
[Leaj/k’irc Tinning)

—
,75

.~,(J

-0!

.008

.008

.20----+ .50

.02

.03

.?5

.15

.025
—

Assy $.olderfng 2/
(P9t, !+’~ve,Etc:

.30

.70

.005

.005

.006

.2’0 --+.50

.02

.03

.25

.10

.01
———

8 Ir operating Pay j; ‘
———. —

A

—-.

15

15

15

15

15

Is

Is

15

15

15

15

8

-—
30

33

39

30

30

60

60

60

60

60

6C
-—.

Solder Joint characteristic Su]del incs
(If Solder is Contaminate) ~/

Sluggish soltirr flow, solder hard an< brittle

Soljer grafny and brittle

Porous and brittle solder joint, sluggish
solder flow

Solder rnugh and grainy, frosty anti pcrous
H{gh den.!ritfc structure

Solder sluggtsh, frosty and porous

Not enouqh: Solder crumbles into khite powder
after low temperature aging

Too much: Solder brittle-—

Iron tin comp~undFe5n2 is not solde”able
Cofrpound on surface presents resoldering
pr~blcms.

Snail blister-like s~ots

Reduction in working temperature

Oull appearance - retards natural
action

solvent

Bli:ters, formation of hard insolui)le compounds

The t!m content of the solder bath zhall be with!n the 1 ‘mits of W-S-571 for the solder specified and tested at the same frequency as testing
for cop~er/gold contamination. The balznce of the bath ;hall be lead and/cr the item; listed above.

The total of copper, gold, cadmium, ztnr and aluminum cc:ltamlnants shall net QXCCCd .~z for assembly soldering.

An operating day constitutes any B-hour period, or any p~rtion thereof, during which the solder is l!quef ied and used.

See paragraph 4.13.4.2.

Not applicable for Sn62 solder - limits to be 1.75~ 2.25 (both operations).
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4.18.1 Resistivity of solvent extract, Solvent extract resistivitY
shall be as f~

a. Prepare a test solution of 75 +0/-2 percent by volume of
reagent grade isopropyl alcohol, ~ith the remainder being
deionized water. Pass this solution through a mixed bed
deionizer cartridge. After passage through the cartridge, the
sensitivity of the solution shall be greater than 6
megohm-cent imeters (conductivity less than 0.166 micromhos/cm).

b. Clean a funnel, a bottle, and a container with a portion of
this test solution. Measure 10 milliliters of fresh test
solution for each square inch of assembly area into the wash
bottle. ,~ssemb’;< area inclufles the ?re?: q~ h?+.h 5id~s Of the

board.

c. Slowly, direct the test solution, in a fine stream, onto both
sides of the assembly until all of the measured solution has
been used.

d. Collect the rinse solution and measure per 4.18.

# .-.,
Y.lo.c Sbdibirlchl~~ridc GJ;: equivalent iLIRiC ~L)~*~~j~~t~pn tpst! ~n+il.lrn

chloride salt equivalent ionic contamination shall be measured as follows:

a.

b.

r-.

The sodium chlor~de salt equivalent ionic contamination test
shall use a solution of 75 +0/-2 percent by volume of reagent
grade of isopropyl alcohol with the remainder being deionized
water. The solution shall be verified for correct composition
upon initial use and every four hours during a shift. The time
limit may be extended with objective record reviews and
concurrence by the local CAS organization.

The equipment must be validated using a known amount of sodium
chloride standard on the same schedule as the percentage
composition verification.

The startinq. or reference, purity of the solution shall be
greater tha~ ’20,000,000 ohm-centimeters (0.05 micromhosi
centimeter) before each sample is tested.

TABLE VI. Cleanliness test values.
, 1

Test method Starting resistivity Ending Vti]Ue

S:l’:ert Extr2ct f Y lo~ (~hnl-crn

i Resistivity

SOdilJm Chloride 20 x 106 ohm-cm
Salt Equivalent

~ ]cnic Contamination ‘
i E~E __ — —. . . —————.——. ——............-.—— —--——-
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8.3 Alternate methods. The following equipment and associated
of determining he cleanliness of printed wiring assemblies have been

shown to be equivalent to the resistivity of the solvent extract method in

4.
methods

paragraph 4.18.?.

a. The Kenco Alloy and Chemical Company, Inc., “Omega MeterTM,
Model 200.”

b. Alpha Metals, Inc. “IonographTM.”

c. E. I. Dupont Company, Inc. “Ion ChaserTM.

Test procedures and calibration techniques for these methods are documented in

Materials Research Report 3-78 “Review of Data Generated With Instruments Used
tO Be~ect and bledsure 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 VII lists the
equivalence factors for these methods in terms of microgram equivalents of
sodium chloride per unit area.

TABLE VII. Equivalence factors for testing ionic contamination.

Method

MI L-P-28809-Beckman

lrlIL-P-28809-Markson

Omega Meter

Ionograph

Ion Chaser

Instrument
“Acceptance Ilmlt”

Y

+

~gNaCljin2 Equivalence factor pgNaC1/Cm2 pgNaC1/in2
-.—.

7.47 7.545 = 1 1.56 10.06
7.545 m

7.62

10.5”

7.545 = 1 1,56 10.06
m

10.51 = 1.39
%w?7

15.20 ?5.20 = 2.01
%5-K

24.50 24.50 = 3.25
<

m

2.2 I 14

I
3.1 1 20

1
[ 325.1 ,

..__—L...
NOTE : 4.18.3 and table VII are not intended to preclude use of other

compatible equipment and equivalence values.

4.19 Workmanship. Wot-kmanship shall be of a level of quality adequate
tn assure that the processed products meet the performance requirements of trle
engineering drawings and criteria delineated herein. KOVar or other iron
based alloys leads shall be covered with solder. The cutting of component
leads or wires after soldering shall be followed by the reflow of the solder
connection.
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4.19,1 Inspection. Visual inspection of all soldered connections and
w

assemblies shall be performed at a minimum magnification of 3 diopters
(approximately 1.75X at a focal length of 10 inches (254 mm)) with a light
source providing a shadowless illumination of the area being viewed. Statis-
tical sampling may be used in lieu of 100% jflspec~ion When ~Ofle as part of a
prOCess control system approved by the procuring activity. To determine con-
formance to the requirements specified herein, IOX shall be used for referee
examinations.

4.19.2 Finish, The appearance of the solder joint surface Shdll De
smooth, nonporous, noncrystalline, bright, and continuous. Solder joints
having a gray appearance are not acceptable, except that those made with high
temperature solder or if one or more connection elements are gold plated, the
surface may appear S1 ightly porous and grayed rather than bright.

4. 19.2.1 Overheated connection. There shall be no overheated connec-
tions.

4. 19.2.2 Cold connection. There shall be nc cold connections.

4.19.2.3 Flow line. A nonuniform flow line, where the solder fillet
blends to a sur~ace being joined, is acceptable provided good wetting is
evident.

4. 19.2.4 Probe marks. Probe marks in solder connections shall not be in
d location nor of a size, shape, or number which causes degradation of connec-
tion elements or solder integrity. When probe points are provided for solder ‘“
connections on printed wiring boards in accordance with MIL-STD-275, probe
marks shall be restricted to such points.

4.19.3 Physical attributes, The solder connection shall be free of
scratches, sharp edges, spikes, pin holes, blow holes, flux residue,
inclusions of foreign material, pits, and voids so located or of a size and
shape that connection integrity is degraded. Solder shall not appear as
CJlobldles, peaks, strings, and bridging between adjacent conductor paths.

4. 19.3.1 Rosin connection. There shall be no rosin connections.

4.19.3.2 Fractures. There Shall be no split, crack, fracture, or
separation within the solder or between the solder and connection elements.

4. 19.3.3 splits. There shall be no crack, separation, or split in the
barrel of the plated -through hole nor any at either hole knee (the interface
between the barrel and the terminal area).

4,19.4 Coverage. Solder shall be of sufficient amount to cover all

elements of the connection but shall not be of such quantity that the outline
of any included lead or lead wire is not discernible in the solder. Neither
insufficient nor excessive solder (see 4. 19.9.4 and 4.19.9.5) shall be
acceptable. In the case of stranded wires, the outlines of the strands shall
be discernible.



4 .19.4.1 ,f’,:ccpt Jblc dmo~-,: U: ;Uldcl’ Ul, p;d LuJ-Ll,lub$!, I,dlt tit
unsllpported hcle. !=0!’leads or wires protruc’ln$ ttlroulll][;,late~j-tllr[ju(~li Iur
unsupported holes, the length of the lead or w!re shall be covered wi~ll
:ol{jcr, but. if the lead or wire’ end is cOveI.eci, :III? end st”,all be d I!;ccrn i~le.

Soldor connections shall cover at lea$t 80 percent of the land and ~h?li cot
OVPIIIdIIg the land. There silall LJe no solder bridges or protrusions. Solder
shall cover at least 80 percent of the land surface and the full 360° arc of
the hole (see figure 14)”.

TOP VIEW

,:, / SOLDEE DOES

/

~

NOT OVERHANG
// LANCI EDGE

\

,/

PLATED-THROUGH HOLE

BOTTOM L’IEW

TOP VIEW

\

SOLDER BRI
CIRCUITRY

LLtJD ECGC

PLATED-THROUGH HOLE

BO~OM VIEW

CIGEG

PLATED-THROUGH HOLE p~~:~:::-a
OR UNSUPPORTED HOLE

PLATED-THROUGH HOLE

MAXIMUM AMOUNT OF SOLDEF?
OR UNSUPPORTED HOLE

EXCESS SOLDER

A, ACCEPTABLE
B, NOT ACCEPTABLE

FIGURE 14. hlaximuriamount cf solder (see 0.19.4.1),



4 .19.4.2 l,linimurnamount of solder on elated-throuqh holes. For platea -
_—. --—.

ttli-ougtiI]cllesw“imedd~ or ~,ir.~”j’fil~d--i~~~itl, total coml)in~d top and
-m...-—.———-

Dctt.cm ~older recession $hall be no ricrc than 25 percent of the totz~ t.hicl:-
ness of the board including land on both sides. A concave fillet shall wet
the upper edge of the complete 260’ at-c of the hcle. The lower land shall
also be wetted over the full 3fi00 arc and at least SO percent of the land
shall be covered with solder (see figure 15).

the full 360’ arc and the full

(see figure 15).

SOLDER RECESSED
25 PERCENT OF BOARD
THICKNESS MAX.--—---

A, P1..ATFD-THRO[..IGH H0LE

LEAD OR WIRE
—AIR

SOLDER 9 LE

E?

B< UPJSUPPORTE!2 HOLE

NO PLATINGIN HOLE-

LEAD ORWIRE-,,
m

,/’

/

C. UNSUPPORTED HOLE

3re2 c< the lands shzll be covered with solcer

B

i?#

TOP VIEW

CUNCA’VE ~lLL~~
wETS HO._E 360”.AT
uPPER EDGE,

PLATED-THROUGH HOLE

E;:EW2J$
RCENTOR MORE,

/

H
PLATED-THROUGH HOLE

OR UNSUPPORTED HOLE

MINIMUM AMOUNT OF SOLDER

d

D, ACCEPTABLE

~;[;llf?~ 15. !fiir,ifnum dmotjflt 2f solctzr lsee 4.15.4.2 and ~ .1g.L.:’1.
———. —.—..-———.-.. - ....-——. —.-..——-.——— — ——:.
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TOP VIEW

SOLDER DOES NOT WET
HOLE WALL. NO FILLET AT
TOP EDGE.

PLATED-THROUGH HOLE

VIEWBOTTOM

~

SOLDER FILLET DOES
NOT EXTEND 360* AROUND
LEAD AND HOLE

/“

PLATED-THROUGH HOLE

OR UNSUPPORTED HOLE

INSUFFICIENT SOLDER

E, NOT ACCEPTABLE

FIGURE 15. Minimum amount of Solder (see 4. 19.4.2 and 4.19.4.3) (continued).

L3..
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4. 19.5 Wettina and filleting. Solder shall wet the surfaces of ali -

connection elements and form a f~~]et betweerl elements over the compl~t.~

[
eriphery of the connection. The solder shall have 6 small contact” angle
etween the surfaces being joined. A small inclusion in the fillet does not

constitute dewetting. Solder shall not gather in droplets or balls (see
figure 16).

TOP VIEW

BOITOM VIEW

PLATED-THROUGH HOLE

1. SMALL lNCi..USlON IN FluETDOES NOT
CONSTITUTE DEWETTING

2. SURROUNDING AREAS WELLWE~ED

3. FILLET MAY BE CONCENTRATEDON
ONE SIDE OFl_AND

4 NODEWETTING IN EVIDENCE,

PLATED-THROUGH HOLE

OR UNSUPPORTED HOLE

A. ACCEPTABLE

F]~uRE 16. Plated-through holes straiaht-throuqh
lead -soloer wett]no (see 4.15,2).
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TOP VIEW

BOTTOM VIEW
PLATED-THROUGH HOLE

~. SQLDER DOES NCIT CO MPLETE1.Y C~VFR

-— SURFACES OR DOES NOT FEATHER TO
LEAD OR LAND SURFACES.

2. SOLDER GATHERS INTO DROPLETS
OR BALLS.

PLATED-THROUGH HOLE

OR UNSUPPORTED HOLE

B, NOT ACCEPTABLE

FIGURE 16. Plated-through holes straight-through lead-
solder wettinq (see 4.19.5) (continued) .

4. 19.5.1 Dewettino and nonwettill~. There shall be no solder dewettinq

~r nonwptting in ~xces~ of 5% of the lead periphery.



4. 19.5.2 Visual characteristics of acce~table solder connections.
Solder shall wet the surfaces of ail connection elements and shall form a
fillet between connection elements over the complete p~ripher-y of the connec-
tion. The solder shall have a small contact angle between the surfaces being
joined. As a minimum, sc.lder $hlall fi’1 a plated -ttlrough hole 75 percent of
the board thickness. A nonplated through hole need not be covered witt] solucr
(see figures 17 and 18).

SOLDER FILLET IOOPERCEfiT COhl~LETE
1. c:’CILOE~Fl!I.F~ hI~TCOMPLFTE

CONTOUR OF LEAD IS DISCERNIBLE.
2, rJuMEROUS VOIDS

HEELOFLE ADIS WE TTEDWITH SOLDER
3EvlDENCE OFDEWETTING

aL’
ExCESS SOLDEt%

LEAD N@TVISl~LE

A, ACCEPTABLE (MINIMUM) B. NOT ACCEPTABLE

FIGURE 17. Plated-throuoh holes - clinched lead and wires (see 4.19.5.2).

1 SOLDER FILLET 100 PERCENT COh4PLETE
!. 59L3ER FILLET NOT COMPLETE

2.
2 CCNT5uF (J~-E/&E ~I=jD]SCER~lBLE

‘J’-l’~E=o~;s ~~{nq.

~ ~’JIDEp!CE OsDEWE--lN!.>
3 HEEL OF LEAD IS WETTED WITH SOLDER.

4, NONPLATEDTHRU HOLE NEED

~

—

NOT BE COVERED WITH SOLDER. ,- “,/-
‘Q

a

J

a- ) ExCESS SOLDER

LEr+D NOT VlSlk3LE

A, ACCEPTABLE (MINIMUM) B. NOT ACCEPTABLE
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-- 4. 19.5.3 Planar mounted device round or coined le~d solder fillet.
Minimum solder Tillet. height on round or coined leads shall b 25 percent of

the original lead diameter. The solder shall extend the length of the lead
termination (see figure 19). The solder shall not overhang the land. The
outline of the lead must be discernible in the solder (see figure 19).

DIAMETER(D)

A

A
ACCEPTABLE

c
FIGURE 19.

I--//LEAD

{

25 PERCENT DMIN
‘L LAND

B

LANG EGGE-

d
Snl OFR ~lL~..ET

“4 ‘:>&LAND
t3ULGE—
ACCEPTABLE ACCEPTABLE

(MINIMUM)

D

Planar mounted device round or coined
lead solder fillet (see 4.19.5.3).

~.jg.~.c Planar mounted device flat leac! s~lder fillet. Flat lead:
stlall e;,.hibit a-vlslb

..— ...__
le fTllet rl~”=om the fim””m”’tTiFTop of the lead

whenever the lead is over the land. The solder shall extend the iengtll of tne
lead termination (se~ figure 20C). The solder sna?l n>t. overhanq the lane.
Tnc outline of the lead must be discernible ir.t’ie soider ;see f;gure 20).

\

LEAD

%X

,,,.,,

-SOLC?E~ \:,

-<;
=.,

Jt{c)-- _.-+” /., ~

..<<::: 4::%

,Y
‘\$”

A’ B /

~?G!.JRf ?rl. Planar mc]un:~~d cI(?vICF flat lead sclder fillet (4,1’3 ,5.4),.. ... . . . ......... ... ......,-. .. ....... ......... ... . ..... .. .. .. . ......... .............. .... . ....... .. .. ... .. .......-.--—.. ..........
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4.?9 .5.5 Planar mounted device lead heel fillet. ~lle lle~l fillet ~ilu~~ _
be continuous between the heel of the lead and the circuit land. The heel

fillet shall extend to the midpoint of the lower bend radius for flat leads.
The heel fillet shall extend beyond the full bend radius for round leads. The

solder fillet for any lead shall not extend into the start of the upper bend
radius (see figure 21). The start of the bend radius between upper and lower
bend points for flat and round leads shall be formed in accordance with 4.11.5.

STARTOFBEND
RADIUS BETWEEN
UPPER AND LOWER
BEND POINTS

7
\

MAXIMUM ACCEPTABLE
HEEL FILLET FLAT AND

ROUND LEADS

A

MIDPOINT OF LOWER

BEND RADIUS
\

Di2L
MINIMUM ACCEPTABLE

HEEL FILLET FLAT
LEAD

B

%
\

MINIMUM ACCEPTABLE
HEEL FILLET ROUND

LEAD

c

FIGURE 21. Planar mounted device lead heel fillet (see 4.19.5.5).

4. 19.5,6 Tool marks on planar mounted device solder fi?let. ToO1 marks

resulting from heater bar or lead hold down during soldering operation shall
not be cause for rejection (see figure 22).

PROBE OR HOLD
DOWN MARK1

/’3;..,.“/’ ,.,/ ‘+,+-

&
). ,“’

>.—,-
,,---

‘J
B

F1211RE 22. ~lanar muuntea device tocl marls (see ~.lg.~.~1.
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4. 19.5.7 Soldering of wires and leads to turret terminals. Solder shall

wet the terminal and w]re or lead and form a visible fillet between all areas

of contact between the terminal and wire or lead. The solder shall cover the

wire or lead over the extent of the wrap but shall not obscure the contour of
the wire or lead (SCC fi9ure 23)”

1.SOL.DF:RJUST COVERS
THE WIRE C)RLEAPOIJER

l-HE ExTENTOFT HEWRAP

2, SOLDER WETS THE
TERMl~AL ANDWIF!E&’LEF~~
AND FORMS AVISIBL.E FILLET,

A, ACCEPTABLE (MINIMUM)

C, ACCEPTABLE (MAXIMUM)

I,soLDERDoES NOT COVER THE
WIRE C) RL.EL90L’EFEXTENT
OF THE WRAF!

2, Filleting IS INCOMPLETE,

B, NOT ACCEPTABLE (I NSL!FFICIENT)

1,

D, rj(j-r

W
,I .>..

BUILDUP OF SOLDER
r~~p(-ETELy oeS~uR~s THE
c’NTouR(JF THE WIRE OR

LEAD OVER EXTENT OF THE
WRAP,

ACCEPTABLE (EXCESSIVE)

.1:.,..
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4. 19.5.8 Soldering of wires and leads to bifurcated terminz
shall cover the wire or lead over the extent of the wraD but sha’
the extent of the wrap. The solder shall wet the termi;lal and w
and form a visible fillet (see figure 24).

1s. Solder M

~not obscure
re or lead

1,SOLDER JUST CO’JERS 1.SOLDER DOES NOTCOVER THE
THE w~REo~L~A~(Jv~~ wIRE OR LEAD OVER EXTENT
THE EXTENT OF TFIEWRLP CIFTHE WRAP.

2, SOLDER WETS THE 2,FILLETING IS INCOMPLETE,
TERMINAL ANDWIREWLEAD
ANbFuhtv\5 A vlS{b~E FILLET.

A, ACCEPTABLE (MINIMUM) B, NOT ACCEPTABLE (

IISCLDER COES NOT
COMPLETELY OBSCURE
EXTENTOFTHE WRLF

2SOLDER WETS THE
TERMINLL AND WIRE
OR LEAD

C. ACCEPTABLE (MAX

FIGURE ?4. hire and lea——.

NSU FF

A BUILDUP• FSOLDER
COMPLETELY OBSCURES THE
CONTOUR Or THE wIRE OR
LEAc O\’EQ EXTENT OFTt-tE
WRAP.

CIENT)

MUM) D NOT ACCEPTABLE (EXCESSIVE)

soldering to bifurcated terminals (see 4.19.5.8).—.
4
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4.?9.5.9 Soldering of wires and leads to slotted terminals. As a

minimum solder shall form a fil let w~th that portion of the wire or lead that

is in contact with the terminal. Solder may completely fill the slot but
shall not be built up on top of the terminal. The wire or lead shall be

discernible in the terminal (see figure 25).

1,MINIMUM AMOUNT OF SOLDER
ALONG THE WIREOR LEAD.

2.WIRE OR LEAD END DISCER141BLE
IN TERMINAL.

A, ACCEPTABLE tMINIMUM)

1,SOLDER BUILDUP ON TOP OF
TERMINAL.

.2,wIRE OR LEAD NOI” DISCERNIBLE
THROUGH TERMINAL.

B, NOT A(XEP’TABLE

I )dAXIMUM AMOLJhI GF SOLDER
cOM?iETELY FILLS .SJ_OT.

2 WIRE OR LELD END DISCERNIBLE
IN TERMINAL.

C, ACCEPTABLE (MAXIMUM)

F12UF,E 25. ~jre and lead solderjn~ to small slotted terminal {see 4.1905.9).
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4.19.5.10 Soldering of wires and leads to hook terminals. Solder shall _

wet the terminal and wire or lead and form a visible fillet between all areas
of contact between the terminal and wire or lead. The solder shall cover the

wire or lead over the extent of the wra~ but shall not obscure the contour of
the wire or lead (see figure 26). ‘

I.SOLDER JuST COVERS
THE WIRE OR LEAD OVER
THE EXTENT OFTHE WRAP

2, SOLDER WETS THE!,!. -.,, --.,,-
“i’Ei+lAl/~~LAldtiIIIFIUII-LA:
AND FORMS A VISIBLE FILLET.

A. ACCEPTABLE (MINIMUM)

J f,,.

I SOLDER DOES NOT
COMPLETELY OBSCURE THE
EXTENTOFTHE WRAP

2 SOL3ER wETS THE
TL?$:[}~~+~~\~D wIRE

05 LEAE

C, ACCEPTABLE (MAXIMUM}

1.

2,

SOLDER DOES NOTCOVERTHE
wlREoR LEAcovER EXTENT
OFTHEWRAP.
FILLETING IS INCOMPLETE.

B NOT ACCEPTABLE (INSUFFICIENT) —

1. BUILDUP OF SOLDER
COMPLETELY OBSCURES THE
CONTOUR OF THE WIRE OG
LEAOoVER EXTENTOFTHE
WRAP,

D, rdOTACCEPTABLE (EXCESSIVE )
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4.19.5.11 Soldering of wires and leads to contacts. Solder shall

visibly wet between the cup and wire or lead. Any solder on the outside
surface of the solder cup shall be in the form of a thin film only. Solder
shall be visible in the inspection hole, may rise slightly above it, but shall
not Sp

1,

2.

3

1,

.:

...

ill onto the side of the contact (see figure 27).

SOLDER VISIBLEIN
INSPECTION HOLE.

SOLDER WETTING
BETWEEN WIREOR
LEAD AND CUP IS
VISIBLE.

ANY SOLDERON THE
OUTSIDE SURFACE
OF THE SOLDER CUP
INTHEFORMOFA
THIN FILM ONLY.

SOLDER SLIGHTLY ABOVE
INSPECTION HOLE.
$’.:I_P~~ w:~~:~,j:l L2~T\L/:~)(

WIRE OR LEAD AND CUP
IS VISIBLE.

<

<.-.——

A. ACCEPTABLE

1.FXCES$IVE SOLDER ANC
SPILLAGE ON SIDE OFCON”rACT

2. ~~Lc~f+ WETTING BETWEEN

wIRE OR LEAD ANC CUP IS ~~
NOT VISIBLE.

i. SGLDER NOT VISIBLE lb+
INSPECTION HOLE,

20 SOLDER WETTING BETWEEN <

WIRE OR LEAD ANC ‘:~.!?IS

B, NOT ACCEPTABLE

r1211:lI:7, ~,!jl.~i)l”,dlead 5Clld<ril]q tu co(ltict.$ (see 4t19.~.:~).
..—— .______ ..... .——-— ..—..——.—— —- ...— —..--—-..-.-— —-—.—-—.
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4.19.5.12
between the cup

H] ,.-’[-l’~(~lljojo

Soldering of wires and leads to solder cups. Solder shall wet -
and wire or lead. The wire or wires shall be in contact with

the back wall of the cup for the full depth of the cup and a fillet shall be
formed along the surfaces of contact. Solder shall wet the entire inside of
the cup. Solder shall follow the contour of the CUP and shall fill the CUD dt

least 75 percent of the mouth of the cup (see figure 28). Solder m~v uverf ill
the cup but shall not overflow on the sides of the cup. Tinning (th;n solder
film) of the outside of the cup is permissible (see figure 28).

,.

2.

3.

m
SOLL7:R AL::J2T F:LJ 1!;l;c:~rlc;::.: :’CL;EF
CUP AND FOLLOWS TIIE USEDOR IFJSUFFICIEF:T
CONTOUR OF THECUF WETTING
ENTRY.

WETTING BETWEEN LEAD
OR WIRE AND C’JPISV151BL.E

ANY !20i_CEfiCJ)iTt-{E
OUTSIDE SURFACE OF
THE SOLDER CUP IN THE
F’crihiCFA:I, ,lxr;Lh’t

A< ACCEPTABLE (MINIMUM) B, NOT ACCEPTABLE (INSUFFICIENT) ._

n
1, Sg~~ER~VE~~~G~S~Up

BUT DOES N12T GYERFLGw

Oh SIDES 0FT}4E CUP

2WETTING BETWEEN

WIRE OR LEAD AND
~d’; IS ‘{~SiBL~

C. ACCEPTABLE {MAXIMUM)

2,SOLDER HAS i
ON “roSIDES o

D, lJ~TAc~EpTA~LE (ExcEsj~IvE)

.. ,
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4.19.6 Voids. A void whose surface is less than 5 percent of the
surface area me solder connection is acceptable provided the inner surface
of the void is totally visible when viewed with the magnification specified
herein (see figure 29).

TOP VIEW

PLATED-THROUGH HOLE ~LA_fED-THROUGH, HOLE
-.

PLATED-THROUGH HOLE PLATED-THROUGH HOLE

OR UNSUPPORTED HOLE OR UNSUPPORTED HOLE

BOITOM OF VOIDS VISIBLE BOl_R3M OFVOIDS NONVISIBLE

FIGURE 29. Plated-through holes-voids (see 4.19.6).

----

-1
. .
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4.19.7 Connector terminations for heat shrinkable solder devices. The
terminal and lead contours shall be visible and shall not be obscured by
solder. Solder fillet and connection area shall be clearly discernible along
the terminal and lead interface. The solder shall lose all appearance of a
ring shape and the contour of the solder preform shall not be visible. With
the exception of minor “browning,” the wire insulation shall not be damaged
outside of the sleeve (see figures 30 and 31).

1.SOLDER HAS LOST ALL APPEARANCE
OF RING SHAPE.

2 FILLET IS CLEARLY DISCERNIBLE
ALONG THE TERMINAL AND
LEAD INTERFACE.

3. TERM)NAL AND LEAD CONTOURS
ARE V!SIBLE

A, ACCEPTABLE (NllNIMU~ SOLDER FLOW)

I CONTOUROF SOLDER PREFORM
IS DISCERNIBLE.

2. CONTOUR OF TERMINAL OR ‘LEAD
IS OBSCURED BY SOLDER.

B, NOT ACCEPTABLE (INSUFFICIENT HEAT)

F]GIJR~ 30. Heat shrinkable solder devices-connector terminations (See 4.19.7).
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/q:;
/---Q 1.FILLET IS CLEARLY DISCERNIBLE

.- ,.,...-

e

,.. i3ETWEEN TERMINAL AND LEAD.,-,,~’
-’ -...’““ 2, JOINT AREA IS VISIBLE DESPITE
., BROWNING OF SLEEVE.

A. ACCEPTABLE (MAXIMUM SOLDER FLOW)

—-

1.JOtNT AREA IS NOT VISIBLE
BECAUSE OF SE~’ERE DARKENING
OF THE OUTER SLEEVE.

2. SOLDER FILLET IS NOT DISCERNIBLE
ALONG TERMINAL AND LEAD
INTERFACE.

3, WIRE INSULATION DAMAGED
(BROWNING ACCEPTABLE) OUTSIDE
OF SLEEVE.

B. NOT ACCEPTABLE (OVERHEATED )

FIGURE 31. Heat shrinkable solder devices-connector terminations (see 4.19.7).

.-
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4 ,19.8 Shield terminations fqr heat $hr inkable solder devic~s. A fillet-—-
shall be clearly discernible along the lead and shield lntert”ace. Itle s(JlJt2l-

shall lose dl 1 appearance of ring shape and the contour cf the solder prefot’lfi
shall not be visible, Inserts shall melt and flow along the wire>. The

‘1 be visible. ~nd the contour of the braid or leadshield and l~ad contours sblal
shall not be obscured by solder. The outer sleeve may be darhenofl, but the
connection area shall be visible. With the exception of minor “bruwning,” the
wire insulation shall not be damaged outside of
33). n

the sleeve (see figure< 32 and

SOLDER HAS LOST ALL
APPEARANCE OF RING SHAPE.

INSERTS HAVE MELTED AND
FLOWED J2LO~4G WIRES

SHIELD AND LEAD CONTOURS
ARE DISCEF?!J19LE.

.FILLE”i ISCLCLIRL( DIGCER!J!E-:.

ALONG THE LEfiDANLI SHIELD
INTERFLCE.

SOLDER FLOW)

1,CONTOUR OF SOLDER PREFORM

IS DISCERNIBLE.

2. MELTABLE INSERTS HAVE NOT
FLOWED.

3. CONTOUR OF BRAIDOR LEADIS
OBSCUREDBY SOLDER.

B. NOT ACCEPTABLE (INSUFFICIENT HEAT I

—

FIGURE 32. Heat shrinkable solder devices-shield terminations (see 4.19.5~1.

44
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--

7-- 1,FILLET IS CLEARLY DISCERNIBLE
i3ETWEEN LEAD AND SHIELD.

2. JOINT AREA IS DISCERNIBLE DESPITE
BROWNING OF SLEEVE.

At ACCEPTABLE (MAXIMUM SOLDER FLOW)

/’9.-

/@

A/’ JOINT AREA IS NOT VISIBLE
BECAUSE OF SEVERE DARKENING
OF THE OUTER SLEEVE.
SOLDER FiLLET IS NGT DISCEFFJIBLE
ALONG LEAD AND SHIELD
INTERFACE.

/
y
\ ,/’ ~

! \
-y..-..,, J’--’

3, WIRE 1NSULATION DAMAGED
(BROWNING ACCEPTABLE )OUTSIDE
OF SLEEVE.

8, NOT ACCEPTABLE (OVERHEATED)

FIGURE 33. Heat Shrjnkat)le solder devices-shield terminations (see 4.19.8).

--
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4.19.9 Typical visual characteristics for identifying solder connection
and soldered assembly defects. The descriptions provided herein are for
information and are not lmpfied requirements. These are only defects within

-

the limits specified elsewhere in this document.

4.19.9.1 Rosin connection (see 4.19.3.1). A rosin connection is a
connection with a layer of solidified flux entrapped in or between the
connection elements.

4. 19.9.2 Cold solder connection (see 4.19.2.2). A cold solder connec-
tion is a connection in wlich the solder has not properly flowed and wetted
the surface and the solder does not feather out on the connection elements.

4. 19.9.3
solder connect’
zone which may

4.19.9,4
insl~ffjcient c~

Cistu~hed solder connection (see 4.15 and 4.19.2). A disturbed
on ?s character;”zed by stress l~ne$ apd a localized granular
include minute fractures.

Insufficient solder connection (see 4,19.4 and 4.19.5). An
nnectlon has characteristics slmllar to good sold er connection,

except that the width of the fillet at the narrowest point is less than the
diameter of the wire (undercut).

U.iy.y.j LAccz5i’/c’ s;lder connection (see 4.19.4 and 4.19.5). The
solder obscures the outllne of t’lie”’fiFFT_Ltlcmu:’+. :’ffi’r3@Dlng around the
terminal, the outline of the terminal, or the outline of the top or mii;cd
portion of a solder cup and generally has a characteristic convex fillet.

4. 19.9.6 Ruptured plating or pattern delaminated (see 4.5;. A separa-
tion of t$e conductive oattern or qround planes from the laminate base
material or the separation of {Jna~~ng ~rom the foil.

~.19.9.7 Dewetting (see 4.19.5).
wherein no basis metal IS exposed, but
receded into irregularly shaped mounds

‘bewetting is a surface condition
the solder covering the surface has
surrounded by a thin solder film.

4. 19.9.8 Nonwetting (see 4.19.5). Nonwetting is a surface condition
wherein basis metal 1s exposed. he basis metal has been in contact with
molten solder, but due to insufficient heat, Contamifiarts, insufficient flux!
cr nxidation, the solder has failed to fo~m an intermetallic bond (wet) with
the base rnateriai.

4. 19.9.9 Measling (see 4.5). Fleasling is discrete white spots or
crosses at weave sections of the laminated base material wherein the glass
fibers have separated from the resin. ~?eascing is typically caused by thermal

or mechanical stresses.

19 9 11 Peripheral split (see 4.19.3.2).4.,,. A peripheral split is tne
;;jl~raf jr)rj ,.)fthe barrel of a plated-throl~gh hole from the periphery of the

,3 ~,plit ~~rlll,qthe p~~ip(le~y of a st~aged terminal.~~,~O~i:?l.efltermir,a”l d!’~;lu!’ .
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--- 4.19.9.12 Pin hoie (see 4.19.3). A pin hole is a small hole in the
surface of a sol-nnectlon penetrating to an indeterminant size void
within the connection.

4.19.9.13 Scratched printed circuit pattern (see 4.5). A scr~tched
circuit pattern IS dlst~ngu!shab Ie by a scratch on the surface of a printed
wiring pattern which exposes basis metal or damages the board laminate.

4.19.9.14 voids and blowholes (see 4.19.3). Unacceptable voids and
blow holes are those whose inner surface is not completely visible or voids
which cover more than 5 percent of the soldered surface.

4.19.9.15 Pit (see 4.19.3). A surface imperfection whose entire inner
surface is visible and which covers more than 5 percent of the soldered
>urface is unacce~table.

4.19.9.16 Contaminated connection (see 4.19). Connections that have
inclusions (flux residues, cotton fibers, foreign matter, dirt on or embedded
in the solder surface), metal oxides, and other matter in the connection are
contaminated. They are characterized by dlscerriible matter on or in the
sclder 2P dJl?, grd~, Jr rlc~nmeta~lic tippearirlg surfaces.

4.19.9.17 Overheated connection (see 4.19.2.1). The solder has a——
CticlLy, cldi; df c/”y5Wffi;-ippedfOrlce anti iilaysilow evidence uf Luarse grair}
porosity or pitting.

4.19.Q.1~ sol~pr- q~t smpot~ and Shinv (see 4,19.~). solder crjnn~ctictns--
which are not smooth and shiny but have a dull, grainy, and gray appearance.

4.19,9,19 !+olriersp~?tt~r (SPP 4.19.3). $~ldpr balls ~lingiq~ te tnp

surface of the Iamlnates or fo~? are the most common form of solder-splatter.

4.19.9.20 Solder slivers, points, peaks, protrusions and icicles (see
4.19.3). Slivers consist of plating overhang or conductive edges partially or
?ompletely detached. Solder projections (points, peaks, icicles) consist of
protrusions of solder from solidified solder.

4.19.9.21 ixcessive wick in~. Excessive wicr.irlgmay be characterized by
solder extending to the wtre insulation, enlargement of the wire, or a change
in wire stiffness beyond the allowed maximum distance from the soldered
connection.

NOTE : This applies to soldered connections in finished assemblies.
Criteria for pret inned wires are contained in 5.4. 17.6 (when
applicable, see 1.2.3),

4,19.9.22 Tberml damage. Thermal [heat.! damage may be cha~?cterizeti hy
discoloration, b~istering, Towed material and evidence of burned parts or
assemblies (charring or scorching), Slight discoloration is not cause for
reject ion.

4 ?
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4.19.9.23 Bridqing (see 4.19.3). Bridging is a conductive path, not
part of the design, spanning between conductors which is caused by the
presence of materials such as solder, plating, leads, wires, or ionic residue.

5. DETAIL REQUIREMENTS

5.1 Application of requirements. The requirements of this section are
intended to provide added degrees of quality assurance through the implementa-
tion of process controls. Proper specification of these requirements will
improve the quality of the hardware procured while minimizing unnecessary
costs associated with improper requirements selection.

5.1.1 Baseline requirements, When a contract, detail specification or
drawing requires MI!--STD-2OOO, the requirements of paragraph 4., General
Requirements, and all subparagraphs shall be performed. The requirements of
paragraph 5., Detail Requirements, are applicable only when a specific
reference is made to the paragraph or one of tasks listed below. When an
applicable requirement in 5. specifies a limit which differs from the
corresponding limit in 4., the requirement in 5. shall take precedence. Where
an applicable requirement in 5. is related to a requirement in 4. but does not
specify superseding limits, the distinct but related elements of both require-
ments shall apply.

5.1.? Applicability, The requirements of this section (paragraph 5.2
through 5.6) are recommended for use as guidance for all assemblies manu-
factured for Department of Defense agencies. They shall be considered
mandatory requirements only when the tasks identified in 1.2.1 are specified
in the contract or the detail specification for the item procured.

5.2 Task A: Certification of contractor personnel.

5.2.1 Certification. Records of certification as to the ability of
personnel to meet the Task G requirements of this standard shall be made
available to the government. Personnel shall be certified in accordance with
the requirements specified herein, prior to performing operations on
engineering or experimental models, prototype models, or deliverable articles.

5.2.2 Prime contractor personnel. All prime contractors shall have at
least one Category C Instructor and examiner.

5.2.3 Visual acuit
~“

All candidates for certification in any category
(see 5.5.3) s a , as a minimum, meet the following vision requirements:

a. Far vision: Snellen chart 20/50, or better.

b. Near vision: Jaeger 1 of 0.50 mm 1(
cm) or better.

c. Color perception: Normal as determ

color plates (i.e., Dvorine pseudo-
Ishihara p’lates, or equivalent).

tters at 14 inches (35.56

ned by means of standard
sochromatic plates,

48
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—. All personnel certified to this standard shall be given an eye test by an
accredited eye examiner to determine their ability to meet these vision
requirements. Frequency of eye tests shall be annually for persons 35 years
of age or older and every two years for persons less than 35 years of age,

except frequency for an individual may be increased if so prescribed by a
licensed ophthalmologist. Use of prescription lenses to meet the vision
requirements is permissible. When such lenses are required, the certification
card shall so state and such lenses shall be used whenever soldering or
inspection is being performed. When a binocular microscope, with individually
adjustable eyepieces, is used for the soldering or inspection operation,
prescription lenses are not required. Failure to meet any of these require-
ments shall disqualify a candidate for training and certification or shall
result in revocation of any certification previously granted.

5.2.4 Certificate categories. Certificates shall be issued in the
following categories:

c Contractor Instructor and Examiner
D Inspector (Contractor)
E Operator (Contractor)
H Process Examiner
R Restricted Operator or Inspector

Contractor personnei (category C and ii) shall be certified by an approvea
school; contractor personnel (categories D, E, and R) shall be certified by
the contractor.

--
5.2.4.1 Category C Contractor instructor and examiner.

5.2.4.1.1 Category C Contractor personnel. Category C personnel shall
be contractor personnel certified after satisfactory completion of an 80 hour
soldering course (see 5.2.9.4). Category C personnel shall be recertified
every two years.

5.2.4. 1.2 Category C Authority. Category C personnel are authorized to
train or require recertification of personnel of categories D, E, and R
provided that the personnel are in the employ of:

a. The same company, or

b. a division of the same company, or

c. a subcontractor of the same company as that which employs the
category C person on a full time basis.

Category C personnel are authorized to monitor soldering processes and work-
manship for compliance to this standard, to perform inspections for con-
formance with this standard, and to determine the operations or procedures
that are appropriate for a category R inspector or operator.

49
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5.2.4.2 Category D Inspector.

5.2.4.2.1

a.

b.

5.2.4,2.2

Category D Contractor personnel. Category D personnel sha?l:

have completed all requirements for Category E operator as
specified in 5.2.4.3, and

be certified by the contractor after satisfactory completion of
an additional 20 hour minimum inspector course conducted by a
certified Category C instructor and examiner.

Category D Authority. Category D personnel are authorized to
perform inspections for conformance with this standard provided that the
personnel are in the employ of:

a. The same company, or

b. a division of the same company, or

r.. a subcontractor of the same company as that which employs the
category C person on a ful? time basis.

5.2.4.3 Category E Operator.

5.2.4.3.1 Category E Contractor personnel. Category E personnel shall
be certified by the contractor after satisfactory completion of a 40-hour
soldering course conducted by a certified category C instructor and examiner. --

5.?.4.3.2 Category E Authority. Category E personnel are authorized to
perform soldering operations in conformance with this standard provided that
the personnel are in the employ of:

a. The same company, or

b. a division of the same company, or

c. s subcontractor of the same company as that which employs the
category C person on a full time basis.

5.2.4.4 Category H process examiner.

5.2.4.4.1 Category H personnel.
by the Government

category H personnel shall be certified
after satisfactory completion of an 80-hour soldering

course, with primary emphasis on inspection and machine processes. Category H
personnel shall be recertified every two years. Contractors are not required
tc have :ategcry H personnel as all requirements for Cateaor~ + personnel may
be accomplished by Category C personnel.

. .

5.2,4.4.2 Category 1+ Authority. Category H contractor personnel are
authorized to recommend recertification of contractor Dersonnel of categories
D, E and l?, to inspect contractor soldering processes and workmanship f~r
~~nf~lrmanc~ to tb;~ sta~,dard and to perform qual ity assur?nce ilCtious.
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L

5.2.4.5 Category R Restricted operator or inspector.

5.2.4.5.1 Category R Contractor personnel. Category R personnel shall
be selected by the contractor for performance of specific operations or
procedures. The training program shall, as a minimum, include the operations
or procedures for which the category R personnel are to be certified.
Functions or operations using a category R operator or inspector at the con-
tractor facility require prior approval of the government. Similar operations
conducted by a subcontractor requires approval of the prime contractor and iS

subject to review by the government.

5.2.5 Achievement of certified status. To be certified in category C or
H, personnel shall attend and successfully complete an 80-hour formal training
program at a Government approved school (see 5.2.9.4). To be certified in
category D, personnel shall attend and successfully complete a 60-hour formal
training program conducted by a category C instructor and examiner. TO be

certified in category E, personnel shall attend and successfully complete a
40-hour formal training program conducted by a category C instructor and
examiner.

5.2.6 Training programs.

5.2.6.1 Contractor training program.— .—

5.2.6. 1,1 General. The contractor shall establish and maintain an
effective writte~ing program to qualify, certify and recertify all

- personnel performing operations applicable to this standard under the
cognizant Government activity contracts and shall include subcontracts, inter-
plant work orders, and purchase orders. The program shall provide for
training using the methods, equipment and materials described in this
standard. Upon satisfactory demonstration of proficiency, persont)el shall be
issued a contractor certificate. The contractor shall prepare and maintain
records of personnel training and performance. Use of the Standardized
Government Industry Solde~ing Training Plan, TP MIL-STD-2000, is authorized.

5.2.6. 1.2 Training records. The contractor’s training records shall be
maintained as speclfled In the contract and shall include, for each trainee
during the time of his or her certification, the following:

a. The most recent trainee fabricated test specimen depicting
satisfactory conformance to the app”
standard.

b. Graded copies of written tests.

c. Employer, plant division, and locat

d. Certification category.

icable requirements of this

on of employment.

e. Date of certification or recertification.

f. Records of latest visual acuity examination.



MIL-STD-2000

5.2.6.1.3 Program evaluation. The train”ng program is subject to review -

by the government to assure that the Droaram is compatible with this
sta~dar~. The training program may be disapproved any time the requirements
of this standard are not being met.

5.2.7 Cross-certification of subcontractors. Subcontractor personnel
certified by one prime contractor in accordance with this standard may be
considered certified and utilized by a second prime contractor only with the
concurrence of the certifying prime contractor.

5.2.7.1 Prime contractor controls. Prime contractors are responsible
for the work Derformed bv their subcontractors. Prime contractors shall
ensure that certified subcontractor personnel continuously demonstrate
adequate knowledge and technique to perform in compliance with the require-
ments of this standard. A prime contractor may require certified sub-
contractor personnel to be recertified.

5.2.7.2 Certification records. Prime contractors shall require that
records of certlfled subcontractor personnel be maintained in accordance with
paragraph 5.2.6.1.2.

5.2.7.3 Certification limitations. Category R personnel and all other
personrel certified under special conditions, shtill be ineligible for
cross-certification under these provisions. This limitation includes but is
not 1 imited to Category D and E personnel who were certified under contracts
that included special process allowances. These operators and inspectors
shall be recertified to the basic requirements of this standard prior to use
by a second prime contractor.

5.2.7.4 Recertification. Personnel certified by a prime contractor
shall be recertrf]ed by a pr~me contractor (not necessarily the same prime
contractor) in accordance with the requirements of 5.2.4 and 5.2.5.

5.2.8 Maintenance of certified status.

5.2.8.1 General. Based on a quality audit, review of inspection data,
or observation-lity of articles fabricated, soldering personnel involved
may be required to either demonstrate proficiency or be retrained in the
category concerned and be recertified (see 5.2.9).

5.2.8.2 Continuous performance evaluation. Category D, E, and R
~ersonnel shall be subjected to a continuous performance evaluation as
specified in 5.2.9. -

5.2.9 Recertification.

5.2.9,1 Requirements. Recertification shall be requ
following circumstances:

a. Proficiency requirements herein are not met,

red under the

b. New techniques have been developed which require new skills.

5?

-



MIL-STD-2000

c. Certificate holder changes employer.

d. There is a reason to question proficiency or workmanship.

e. Work period interruptions exceeding 90 days (categories C, D,
E, H andR).

f. Two years after last certification for Category C and H.

9“ Twelve months after last certification for Category D, E, and R.

5.2.9.2 Procedures. The recertification procedure shall be as follows:

a. Every two years Category C and H personnel shall attend a
minimum 24-hour recertification course conducted by one of the
certification centers (see 5.2.11). Personnel passing the
recertification course will have their certification extended
for a period of two years. Category C and H personnel failing
to demonstrate proficiency shall be required to satisfactorily

complete a certification course prior to further performance.

b. When 5.2.9 applies, category C and H personnel shall be re-
certified after attending a recertification course, and
demonstrating proficiency.

c. C$;~?:ry D, E and R personnel shall be recertified as required
. All recertification programs shall include a require-

ment to score a minimum of 80 percent correct on a written test
compatible with that taken in the original certification course.

5.2.10 Revocation of certified status. Certifications issued by the
contractor shall be revoked when the:

a. Certificate holder fails to be

b. Contractor training program fa
this standard.

recertified when required.

1s to meet the requirements of

c. Certificate holder leaves emplo~ent of the contractor for
which certificate was originally issued.

d. Certificate holder fails to meet visual acuity requirements.

e. Quality of work does not meet the requirements of this standard.

5.2.11 Certification resources, Personnel shall be certified to
Category C or H at one of the schoo~s listed below.

a. U.S. Army Communications and Electronics Command (CECOM)
Attn: AMSEL-PT-HRD-QT (Bldg 918)
Ft. Monmotith, NJ 07003
AV 992-5335
(201) 532-5335
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b, U. S. Army Munitions and Chemical Command (AMCCOM/ARDEC)
Attn: AMSMC-QAN-T(D) (Bldg 19)
Suresh Patel
Picatinny Arsenal, NJ 07801-5006
AV 880-4466
(201) 724-4466

c. U. S. Army Missile Command (MICOM)
Redstone Arsenal, AL (205) 876-5902

d. Naval Avionics Center (NAC)
Indianapolis, IN (317) 353-3025

P. Vaval Weapens Center (!VWC)
China Lake, CA (619) 446-5571

5.3 Task B: Design and Component Mountinq Requirements.

5.3.1 Design requirements information. The following paragraphs provide
design information on the subjects indicated. Where differences exist between
this standard and documents referenced herein, the requirements of this
Standard takes ~recedence.

5.3.2
5.3.3
5,3.8.1
5.3.8.2
5.3.8.3
5.3.8.4
5.3.8.5
5.3.11
5.3.12
5.3.13
5.3.15
5,3.16
5.3.1?
5.3.19
5,3. 19.1
5.3. 19.2
:24.-. 19.4
5.3. 19.4.1
5.3. 19.4.2
5.3. 19.5
5.3. 19.6
5,3, 19.7.2
5.3, 19,7,3
<2 ‘IQ ~,~./,..,/.
5,~.]Q,7,~

5 .3.19.8
5.3. 19.9
5.3. 19.9.1.1

Rigid printed wiring boards
Reference to rigid flex printed wiring
Obscuring of termination
Moisture traps
Vibration
Insulation of metal case components
Perpendicular mounting
Interference spacing
Part clearance spacing
Part piggybacking
Jumper wires
Eyelets
Resins and other adhesives
Part mounting
Hole obstruction
Lead to hole diameter relationship
~~~ ~f Jllsuppol.ted !!llles

Leads in plated-through holes
Clinched lead terminations
Wiring to board
Lead straightness
Heat dissipation
Cross conductor mounting
f,l~)imum ~~mbin~d lead ldl]gt~lS

stress w?? ie{ prou isions
Chip device mounting
Nonaxial-leaded components
‘Iourtting requirements of nonax ial leaded
components

—

-
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5.3. 19.9.1.2
5.3. 19.9.2
5.3. 19.9.3
5.3. 19.9.5
5.3.19.9.6
5.3. 19.10.5.3
5.3. 19.10.5.4
5,3. 19.10.5.5
5.3. 19.11.2.1
5.3. 19.12.5
5.3. 19.12.6
5.3. 19.13.7
5.3. 19.13.8

Mounting requirements of standard components
Dual lead components
Metal power packages
Potentiometers
Tall profile components
DIPs in sockets
DIPs mounted to heat sinks
DIP material
Planar mounting
Washers under rolled flanges
Foil pad as seating for rolled flanges
Terminals and plated-through holes
Terminals and plated-through holes with rolled
flange

5.3.2 Rigid printed wiring boards. Rigid printed wiring boards (PWB)
shall be designed to MIL-STD-215 and fabricated to MIL-P-5511O except as
modified herein, When used, blind and buried vias shall be incorporated in
the test coupon. Minimum spacing between conductive patterns of printed
wiring boards shall be in accordance with conductor spacing requirements Of
tables VIII and IX if the printed wiring board is not to be conformably coated
or encapsulated. The use of uncoated printed wiring boards shall be
documented on the government approved assembly drawing.

TABLE VII;. Conductor spacineveg ~:ncoated printed wiring
boards (sea * feet) .

i 1
Voltage between conductors

DC or AC peak (volts) Minimum spacing

0-150 0.025 inch (0.64 mm)
151-300 0.050 inch (1.3 mm)
301-500 0.100 inch (2.54 mm)

Greate- than 500 0.0002 inch (0.0051 mm) per volt

TABLE IX. Conductor spacing (uncoated printed
wlr]ng boards (over 10,000 feet).

Voltage between conductors
DC or AC peak (volts) Minimum spacing

0-50 0.0z5 inch (0.64 mm)
51-100 0.060 inch (1.5 mm)
101-170
171-250

0,125 inch (3.2 mm)
0.250 inch (6.4 mm)

251-500 0.500 inch (12.7 mm)
Greater than SO(I 0.001 inch (0.03 mm) per voltI J

5.3.3 Flexible and rigid flex printed wiring, Flexible and rigid-flex
printed Wirinq shall be in accordance with IIIL-P-50884 and MIL-STD-2118 (see
4.5). Part m~unting for ‘flexible and rigid flex I
shall be in accordance with IIIIL-STD-2118 and deta
ments specified herein. When used, blind and bur
incorporated in the test coupon.

Cr./,)

rinted wiring assemblies
led supplementary require-
ed vias shall be
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5.3.4 Tubing. Polytetrafluoroethylene tubing shall conform to
ASTM-D-3295,

5.3.5 Heat shrinkable tubin Heat shrinkable tubing shall conform to
MIL-I-23053 except that use of po vinylchloride tubing is prohibited.

5.3.6 Extruded vinyl plastic tubing. Extruded vinyl plastic tubing
shall conform to MIL-1-7444, type 1, or MIL-I-22076.

5.3.7 Interracial and interlayer connections. Interracial connections
of circuitry on double sided printed wiring boards or assemblies shall be of
the plated-through hole configuration of paragraph 5.3.7.1 or the clinched
wire configuration of paragraph 5.3.7,2. Interracial and interlayer

-r ~ultilayer prir,ted wiring beards or assembl iesconnections of circuitry “,
shall be of the plated-through hole configuration. Standoff terminals, eye-
lets, rivets, snug fit pins, or braided sleeves shall not be used to provide
interracial or innerlayer connection nor shall terminals, eyelets, rivets, or
snug fit pins be installed in any plated-through hole utilized for interracial
or inner layer connect ion, Electrically non-functional holes shall be spec-
!fied as electvica?ly ~cln-sulct~on.~? h:les on tt7e ~ngine~r~rg 3:semh1j cirawircj

and dc net need to meet the electrical connectio~ ~equirements.

5.3.7. 1.1 Hand soldered assemblies. Holes shall be left unsoldered.

5 .3.7.1.2 Machine soldered assemblies. Holes may be either left
lunsolde~ed or contain a sold er plug. Permanent sclder mask shall not tent
empty plated-through holes. Partially filled holes are not acceptable.

5.3.7.2 Clinched wire interracial connections. The wire connecting
circuitrv on oDDosite sides of the board or assembly which are not completed
via a pl~ted-through hole shall be uninsulated, sol-id, tinnea, copper wire arid
shall be dressed through the unsupported (unplated) hole, clinched, and
soldered to the terminal area on each side of tlie board or assembly. The
clinched wire shall contact the terminal area on at least one side of the
printed wiring board and shall approximate col;tac.+ on ttlt other s ide (n~rlfi~al
springback to one half the wire diameter is acceptable). The clinched
portions of the wire shall meet the requirements for clinched component leads
of 5.3.19.4, Unless both clinched portions are soldered and cooled simul-
taneously, the two connections shall be step-soldered. (see figure 34)
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FiGURE 34. Clinched wire interracial connections (see 5.3.7.2).

5.3.8 Component positioni Parts and components shall be positioned

in compliance with the individua drawings and mounted in accordance with the
reqhiremerlts specified het-ein.

5.3,8.1 Components shall be mounted so that terminations of other
compone~ts are not obscured.

5.3.8.2 Parts and components shall be mounted such that the formation of
moisture traps is precluded.

5.3.8.3 Components shall be mounted in such a manner so as to withstand
all vibration and mechanical shock requit-ements speciried for the end product.

5.3.8.4 Metal cased components which are not otherwise insulated but are
mounted over printed conductor wiring shall be insulated from adjacent wiring
circuitry and conductor elements. If the addition of insulation is required
for conformance with this requirement, an engineering change notice or request
for deviation shall be initiated. Insulation material shall be compatibl~
with the circuit and printed wiring board material.

5.3.8.5 Axial-leaded components shall be mounted parallel to the board
surface. Perpendicular mounting shall be used only as an existing design
documented on a government approved assembly drawing. Under no circumstance
shall planar mounting for perpendicular axial leaded components be used.
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5.3.9 Visfbilfty of markinqs. Components shall be mounted insofar as
practicable in such a manner that markings pertaining to value, part type,
etc., are visible. For parts marked in such a way that some of the marking
will be hidden regardless of the orientation of the part, the following shall

be the order of precedence for which markings shall be visible.

a. Polarity.

b. Part value.

c. Part type (manufacturer’s or DOD part number as applicable for
that type part).

d. Traceability code (if applicable).

5.3.10 Part markinqs and reference designations. Part markings and
reference designations shall be legible with letters and numerals unbroken,
clearly defined and unsmeared.

5.3,11 Interference spacing. Parts and components shall be mounted such
that they do not overhang the edqe of a printed wirinq board, terminal panel,
or chassjs member. The minimum ~pacing for conductive items (components,
uninsulated Ieadwires, metal-cased components, terminals, standoffs, lock-
washers and other like items) shall be 0.060 inch (1.58 mm) from the edge of
the printed wiring board, the terminal panel, or the chassis member.

5.3.12 Part clearance spacin~. Any portion of a bare lead, metallic
component body, terminal, or Tlke Item shall be spaced at least 0.060 inch
(1.58 mm) from one to another except as permitted by MIL-STD-275,
MIL-STD-2118, or otherwise specified herein.

5.3.13 Pfggy backinq. There shall be no piggybacking of parts or
components.

5.3,14 Lead formin~.

5.3. 14.1 Lead malforming limits. Whether formed manually or by machine
or die. Dart and comoonent leads shaTl not be mounted if the part or component
lead evidence nicks Or deformation exceeding 10% of the dfameter of the lead.
Basis metal shall not be exposed.

5.3. 14.2 Te ered leads.
&%HXU--

Tempered leads (sometimes referred to as pins)
and untempered inch (1.3 mm) or greater in diameter or thickness
shall not be bent nor formed for mounting purposes inasmuch as body seals and
connections internal to the component may be damaged, Neither shall tempered
leads be cwt with diagonal cutters or other tools which impart ck to
connections Internal to the component. Untempered leads that are smaller than
0.050 inch (1.3 nvn) in diameter shall be clinched when installed in
unsupported holes.

-

5.3.15 Jumper wires. Jumper wires included as a part of the initial
design shal? conform to the mounting requirements for axial-leaded components.

&
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5.3.16 Eyelets. Eye’ ets are unacceptable for e ectr ical connections.

and other adhesives are5.3.17 Resins and other adhesives. When resins
used, they shall be compat~bl e w]th the printed wiring board, components,
processes and process solvents, solutions and materials.

5.3.18 Solder masks and localized maskants. When used, polymer solder
mask coatings shall conform to IPC-SM-840, Class 3 and sha?l be applied only
to surfaces which are not coated with solder or other material which will
become semi or totally liquid during subsequent assembly operations. Dry film
polymer mask shall be applied by a vacuum laminant process. Polymer solder
mask coatings and temporary maskants shall also be of a material that:

a. Does not degrade the substrate material or printed wiring;

b. Precludes solder flow to the masked area;

c. Is compatible, if left in place, with printed wiring board
basis material, solder, printed wiring, and subsequently
applied conformal coatings; and

d. If temporary, can be readily removed without post-removal
residual contamination harmful to board integrity.

5.3.19 Parts and components mounted to printed wiring boards. Axial and
nor,axidl-lead&i com~onents shal? be mounted on OPII.Yone side of a printed
wiring assembly if the leads are dressed through h;les.- Planar mounted
components may be mounted on either or both sides of a printed wiring
assembly. Components to be mounted shall be designed for and capable of with-
standing soldering temperatures incident to the particular process to be used
for fabrication of the assembly. When design restrictions mandate mounting
components incapable of withstanding soldering temperatures incident to the
particular process, such components shall be mounted and hand-soldered to the
assembly as a separate operation or shall be processed using a localized
reflow technology which is documented and subject to review and disapproval.

5.3. 19.1 Hole obstruction. Parts and components shall be mounted such
that they do not obstruct sold er flow onto the topside termination areas of
interracial, quasi-interracial, or interlayer plated-through holes (see figure
3C \
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FIGURE 35. Blocked plated-through holes (see 5.3.19.1).

5.3. 19.2 Lead-to-hole relationship. No more than one item, whether ‘ire
or component lead, shall be inserted In any one hole. Lead-to-hole clearance
shall be in accordance with the “Plated-Through Holes” requirement of
MIL-STD-275.

5.3. 19.3 Lead preforming. Part and component leads shall be preformed
to the fifi~? configuration excluding the final cl inch or retention bend before
assembly or installation.

5.3. 19.4 Part and component lead terminations. Part and component leads
shall be of the cllnched, partial clinch or straight-through configuration and
shall be terminated in accordance with 5.3.19.4.1. Except for termin~l

MOUnting (see 5.3.19.1? and 5.3.19.13), holes that are not p~ated-thr2u~h arlc
Connection configurations that incorporate offset lands utillzed in conJul?c-
tion with hcle: that are not plated-through shall be used for part and
component lead termination only when documented on a government approved
assembly drawing. If ufl~uppcrted holes are authorized, part and component
leads shall be of the full clinched configuration and shall be terminated in

accordance with 5 .3.19.4.2 including 5.3.19.4.2.1.

-

5 .3.19.4.1 Lead terminations in ~rinted wiring t;oard plated-through
holes shall be one of the following configurations: full clinch (T.YPe I, see
figjre 36), partially clinch~d (Type 11, see figure ?16), or the ~tr~!9ht
+ilw,rll~fqh~f.~(;~,et”Hlirlfi ~r]v annle of clrnch crtic I- (T${DC 111. see fiqur’e ~fi~. . ..
methcld wt.!ch pro’{iqes the nccc$sar+v res~ra Int.dI.JI-Irlg:tl(~j.:~io{’l-IIj Ip!LI-IJ:)L..l -

6[1
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acceptable. Type I is not applicable for leads of dual-in-line packagesL

(DIPS) or pins of other type modules. Ty es i and 11 are not applicable for
Rtempered pins or for leads over 0.050 inc (1.3 mm) in diameter.

5.3. 19.4.2 Clinched lead terminations. The length of the clinched
portion of wires and component leads shall be no less than one-half the
largest dimension (usually the diameter) of the terminal area or 1/32 inch

(0.79 mm), whichever is greater, and no more than the diameter (or length) of
the termination area (see figure 37A). The lead length shall be determined
prior to soldering (actua] measurement is not required except for referee
purposes). Lead overhang no greater than 0.032 inch (0.81 mm) is permissible
provided that clearance to adjacent conductive elements is no less than 0.015
inch (0.38 mm). When manually clinched, the clinched portion of the wire of
lead should be directed along a conductor trace connected to the termination
area. When automatically clinched, the orientation of the clinch relative to
any trace is optional. The leads on opposite ends or sides of a component
shall be directed in opposite directions (see figure 37B). Manually formed
clinches for nonax ial leaded components shall be directed radially from the
center of the component when the termination area array on the printed wiring
board is patterned for such radial orientation.

5.3. 19.4.2.1 Fully clinched leads (Type I). Fully clinched leads (Type
1) are defined as leads bent between 75 and 90 degrees from a vertical line
perpendicular to the board (see figure 36A).

5 .3.19.4.2.2 Partially clinched leads (Type 11). Partially clinched
leads (Type 11) shall be bent suff Iclently to provide the necessary mechanical-—
restraint during the soldering process. The lead protrusion shall be a
minimum of 0.0.20 inch (0,5 MM) and a maximum of 0.060 inch (1.5 mm) as

measured from the conductor surface for the plated-thru-hole (see figure 38).
Type II lead terminations shall not be used for manually inserted components
except on diagonally opposite corner pins of Dual-in-Line packages (DIPs).
The lead length shall be determined prior to soldering (actual measurement is
not required except for referee purposes).
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FIGURE 37. Lead termination (clinched leads) (see 5.3.19.4.2).



5.3, 19.4,3 Straight-through lead terminations (T.Ype 111). Component -
leads terminated straight through s~a]l extend a minimum of ().020 irIch (().5

mm) and a maximum of 0.060 inch (1.5 mm) (see figure 38, dimension EJ.
Printed wiring assembly designs ~~hich necessitate different lead extensions
are considered unique mounting requirements and shall be noted on the goverr?-
ment approved assembly drawing. Dimension E of Figure 38 is the distance from
the conductor surface to the end of the projected lead. The minimum letid
length shall be determined prior to soldering (actual measurement is not

required except for referee purposes) (see figure 38).

I ‘EAD-frld
I +--J-J L-BOARD

Ed

FIGURE 38. Straight-through lead extension (see 5.3.19.4.3).

5.3. 19.5 Wiring to printed wiring boards. interconnect wiring connected
directly (not via connectors) to printed boards or printed board assemblies
shall be installed in plated-through holes or on turret terminals. Bare
tinned wire with added insulating sleeving stlall not be used. Hire~ shall be
installed on turret terminals if the wires are subject tc removal for normal
maintenance action. Insulated solid or stranded wire shall be installed in
accordance with 4. 11.4.4 ?S ~pplicable t~ plated-through hcies and tO
terminals in accordance with 5.3.21 thru 5.3.21.8. Insulated solid or
stranded wire installed in plated-through holes in printed boards with base
material thickness of 0.020 inch (0.5 mm) or less shall be clinched to the
soider side. Mounting of solid conducto~s of flat ribbon cable or flexible
printed wiring in plated-through holes constitutes a unique mounting design.
Routing and cabling requirements shall be specified on the assembly drawing.

5.3. 19.6 Lead straightness. Leads shall not be bent at the body of the
component or between the body of a component and any lead weld and shall
extend straiqht from the body seal and Jead we]d for at least twice the lead

diameter or thickness. For lead diameters of 0.015 inch (CI.38 mm) or less,
the straight extension shall be 0.030 inch (0.76 mm) (see figure 39).
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FIGURE 39. Lead straightness (see 5.3.19.6).

5.3. 19.7 Axial-leaded components. Axiai-leaded components shall be
mounted approximately parall el to the board surface (see 5.3.8.5) within the
requirements of 5.3,19.7.1.1.

5.3. 19.7.1 Physical support. Dependent upon weight and heat generation
characteristics, components sha~ be mounted for support as follows:

.-
5.3. 19.7.1.1 Except for planar and authorized perpendicular mounted

components (see 5.3.8.5), components weighing less than 1/4 ounce (7.08g) per
lead, which c!issipatc less tha~ 1 watt and are not clamped or othertiise
supported, shall be mounted approximately parallel to the board surface and
mounted within 0.015 inch (0.04 mm) of the board surface.

!5.3.19.7. 1.2 All components weighing 1/4 ounce (7.08g) per lead or more
shall be supported in a clamp or other device (including embedment) such that
the soldered connections ~re not sol~ly relied upon for mechanical strength
(see figure 42).



—

e

5 .3.19.7.2 Heat dissipation. Components that dissipate one watt or more
during operat!on shall be mounted in accordance with the engineering assembly
drawing. Where conductive materials or devices are used to transfer heat from
the pa~ts, the matet-ials or devices shall be compatible with the assembly and
cleaning processes.

FIGURE 41. Typical heat sinked axial-leaded components (see 5.3.19.7.2).

5.3. 19.7.3 Cross conductor mounting. Cross conductor mounting shall be
in accordance with the “Electrical p~rt mounting over conductive areas”
requirements of MIL-STD-275.

~ C!3NFORk4LL COATING MATEfiIAL

FIGURE 42. Cross conductor mount ina (see 5.3.19.7.3).
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5 ,3.19.7.4 Bod centerin
–~”

Except as otherwise specified herein, the
bodies ( including en sea s and welds) of horizontally mounted, axial leaded
components should be approximately centered in the span between mount”ing
holes, as shown in figure 43.

ra-i t-al
I
8 -:

//A;

I

FIGURE 43. Body centerin g (see 5.3.19.7.4).

5.3. 19.7.5 Maximum combined lead lenqth. Unless exception is specified
on the the government approved assembly drawings, the combined length of the
straight lead extension from the part body (labeled x or y in figure 44) of
components mounted horizontally shall not exceed one inch (2.54 cm).

X+Y IS EOUALTO, OR LESS THAN 1 lNCH(2.5cm]

FIGURE 44. P,aY.tmum combined lencth of leads (See 5.2.19.7.5).

5.3. 19.7.6 Stress relief provisions. The leads of components mounted
horizontally with bodies in d !rect contact with the printed wiring board or
printed wiring thereon shall h~ mounted with the radius of each relief bend at
lezst 0.C30 inch (0,?6 mm) but not less than the diameter of the lead.
Components shall be mounted in any one or combination of the following
configurations:

a. In a conventional manner utilizing 90 degree (nominal) lead
bends directly to the mounting hole (see figure 45A).

b. With camel hump bends (see figures 45B and 45C). Configura-
tions incorporating a single camel Ilump (figure 45B) may have
the body positioned off-center.

c. With spacer material attached to the printed wiring board under
th~ component body and using conventional 90 degree (nominal)
lead bends (see figljre 45D and 45F).



d. With a nylon clip fabricated from MS 21266 plastic edging under
the component body and leads formed with conventional 90 degree
(nominal) lead bends (see figure 45E).

r —-

~D /

I
///////.4////’//4

A B

c

-

E
L-spAc-R M,QT~RiAL

ATTACHED TC)BOARi3

D

@

c“ ““

F

FIGURE 45, Stress relief provisions (see 5.3.19.7.6).

5 .3.19.8 Leadless components. End capped chip resistors of tne
NIL-R-55342 con~ capped chip capacitors of the liIL-C-5536514
configuration, and similar leadless end capped discrete components utilized in
minifiture and st~nrjard assembl ies shall be mounted in accordance with

~ 19.8.1 thru 5.3.19,8.6,.?,J.
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5.3. 19.8.1 Chip devices shall be mounted only to pr

.

pr inted
spacing
mounted

5.

circuitry; the devices shall not be stacked nor s!
between other parts or components such as termina
chip devices (see figure 46).

f
CHIP DEVICE

3

nted wiring or

all the bridge
{s or ot er properly

s, &
NO1 ACCEPTABLE NOT ACCEPTABLE

TERMINAL

TERMINAL CHIP OEVICE

\, )]
[ \

P
/ \

NOT ACCEPTABLE NOT ACCEPTABLE

FIGURE 46. Improper mounting of chip devices (see ~.3.~9.8~lj”

3. 19.8.2 The device shall be positioned such that the device shall not
overhang the terminal area more thdn 10 percent of the device width (k’) (see
fiaure 47). It is preferred that the device be positioned with no overhang.
Th~ minimum conductor spacing shall be maintained.

T.-IoPERcENTW MAX

—. FIGURE 47. Acceptable ch ip c~:erharg (see 5.3. 19,S.2).

!1:!



MIL-ST:-2000

5.3. 19.8.3 The end cap of the chip device shall extend onto the terminal -
area a minimum of 0.005 inch (0.13 mm) (see figure 48).

II

---i b.0051NcH MIN(0.13 mm)

FIGURE 48. Minimum lap of chip on terminal area (see 5.3.19.8.3).

5.3. 19.8.4 Mispositioning of chip devices shall not reduce the specified
minimum spacing to adjacent printed wiring (see tables I and 11) or other
metel lized elements.

5.3. 19.8.5 The device shall be mounted flat and parallel with the
s.urfiiceU: tne prirlted b~~rd w~r~ng ‘w:tnin

,.
10 degrees qq),{see figure ,

‘OLDEes
/

FIGURE 49. Maximum chip cantinq (see 5.3.19.8.5).

5.3.19.8.6 The space between the body of the soldered- in-place chip
device and the terminal areas shall not exceed 0.075 inch (0.38 mm) [see
figure 50).

SOLDER sOLDEF

/ ) ! .
7

1
~00151NCH MAX (0.38 mm)

-

FIGURE 50. Maximum chip elevation (see 5.3.19.8.6).
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NOTE : If the vertical (V) dimension of reflow configuration chips is
greater than the thickness (Tj dimension (see figure 51B), the
reflow configuration chips should not be used in assemblies
subject to high vibration or shock loads, especially in airborne
or missile systems.

END CAP CONFIGURATION

END CAP

w
A

REFLOW CONFIGURATION

REFLOW

v

L

FIGURE 51. Leadless chip components (see Note above).

~,,,~.]q.fi.~ If the chip cmlpohtrlL is sdchrt?i to the prill:ed wiring beard
utilizinq an adhesive bonding resin, the area of resin coverage shall not flow
on to or obscure any of the reflow terminal areas. Part attachment process
shall control the quantity and type of bending material su~tl that the partS

are removable without damage to the assembly.

5 .3.19.8.8 components with electr;ca~ elements deposited on an externai
surface (such as chip resistors) shall be mounted with that surface facing
away from the printed wiring board or substrates (see figure 52).

~OEPOSITED ELEMENT

&
END CAP

.\”. /,
7

,,,

/

FIGURE 52. Chip resistor (see 5.3.19.8.8).



5.3. 19.9 Nonaxial-lead components with leads extending from a single
surface. Non?.xial-leaded components shall be:

a. Mounted with the surface from which the leads egress (herein-
after referred to as the BASE SURFACE or BASE) parallel to the
surface of the printed board within the spacing tolerances
specified herein.

b. Side mounted.

c. Leads shall extend straight from the base a minimum of twice
the lead diameter but not less than .030 inch (0.76 mm) except
where the leads have been formed during component manufacture.

5.3. 19.9.1 Standard components. Mounting of standard components sll~l~
be in accordance with 5.3. 19.9.1.1 thru 5.3. 19.9.1.6 except as specified in
5.3.19.9.2 thru 5.3.19.9.6.

5.3. 19.9.1.1 Components shall be mounted freestanding (i.e., with the
base surface separated from the surface of the beard with no support other
th~n tne component leads) only if the weight of tile component is 1/8 uunce
(3.5 grams) per lead or less. Mhen components are rnouritedfreestanding, the
s~acing between the surface of the component and the surface of the board
shall be a mln!mum of 0.u3LI incn (0.75 mmj and a mdximum of G.1Z5 il]~ll[2.;7L
mm) unless otherwise specified on the assembly drawing (see figure 53). IR no

instance shall nonparallel ism result ir,nonconformance within the minimum or
maximum spacing 1
applications) sha

imits. Specific design limitati~ns ( i.e., cross tdli. in RF
II be noted on the engineering assembly drawing.

NOTE” CLEARANCE SPACING SHOULOBE
MAINTAINED NEAR MINIMUM TO
ASSURE ALOW BENDING MOMENT
(FI)AS SHOCK AND vIBRATIONAL
FORCES ARE APPLIED

!=+t. ‘ -#G

\

2 0.0301NCHMIN (0.75mm)

f J
0.125 lNCHMAX(~l~bmrT~)

\’

f II !1 II
4

/
u u u

FIGuRE 53. Mounting of freestanding nonaxial- leaded
components (see 5.3. 19.9. 1.11c–___ .—-- .——— —-— -----......



5.3. 19.9. i.2 Components weighing more than i/8 ounce
shall be supported when mounted to a printed wiring board.
shall be supported on:

a. Resilient feet or standoffs integral to the
Figure 54A and 54B) and the component shall
contact with the board, or

(3.5g) per lead
The component

component body (see
be mounted in

b. A separate resilient footed or nonfooted standoff (see figure
54C), or a specially configured nonresilient footed standoff
(see figure 54D) and shall be mounted in contact with the
standoff and the standoff in contact with the board (see figure
55 and 5.3.19.1).

Footed standoffs shall have a minimum foot height of 0.010 inch (0.25 mm). NO
standoff shall be inverted.

5.3. 19.9.1.3 When a specially configured non-resilient footed standoff

is utilized, that portion of the lead in the lead bend cavity (see figure 56)
shall conform to coincide with an angular line extending from the lead
insertion hole in the standoff device to the lead attachment hole in the
printed wiring board and seated in accordance with 5.3. 19.9.1 .2.b.

-

DOGBONE
COIL (~OOTEDl

A

STANDOFF

CAN OEVICE
wITH INTEGRAL
RESILIENT STANDOFF

B

o.J08 0
00

co
@

>STANOOFF

,J

FOOT

L

0.010 INCH MIN J 0.010 INCH MIN

(0.25mml
RESILIENT

(0.25mml
NONRESILIENT

FOOTE3 FOOTCD STANOOFF

STANDOFF

c D

FIGURE 54. Typical standoff devices (see 5.3.19.9.1.2).
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a
AccEPTABLE

COMPONENT
sEATED FLAT

TO STANDOFF

FEET IN CONTACT WITH
BOARD. L

f ‘1

u

NOT ACCEPTABLE

sTANDOFF No~ IN coNTAc~
wITH BoARD.

c

<

ACCEPTABLE

~oMPo NENT sEATED FLLT ‘o

STANDOFF OF RESILIENT
MATERIAL.

BASE OF STANDOFF FL&T ON
BO/l RD. E

NOT ACCEPTABLE

STANDOFF INVERTED,

STANDOFF BLOCKS PLATED-THROUGH

HOLE. B

NOT ACCEPTABLE

STANDOFF TILTEO. SEATED FLAT To
CO MPONENT ’01

ST AND OFF

FEET DO NOT CONTACT BOARD
o

NOT ACCEPTABLE
t= RESILIENT

MLTERIAL,

ALTHOUGH o CON NE CTl Or~

STANDOFF CONCEALSs,DE of BoARD
ON COMPONENT

—

Parallel mounti

eaded components,1.zb).

FIGURE ~5.
see 5 .3.19.9

T’esI:ntilng ._!......_.-
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—

=2d
(O0301NCH MIN)

7

(0.76 mm)

n

u u u

--

BOOY

ACCEPTABLE

SEATEO FIRM ON DEvICE.

~;~RDFOOT IN CONTACT WITH

LEAD PROPERLY FORMEO IN
BEND CAVITY.

A

El
NOT ACCEPTABLE

LEAD IMPROPERLY FORMED
BEND CAVITY.

B

IN

FIGURE 56. Parallel mounting of nonaxial-leaded components
utl Ilzlng nonresll fent standoffs (see 5.3. 19.9 .1.3).
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5.3.19.9.1.4 L!hen docurnen
-

p~ on a ~ove~~>mentapprcvea assembly drawing a
component may be side-mounted as shown in f iqure 57, anu the side surface of
the body (or at least one point of any irreg~larly configured componerit SUCII

as certain pocketbook capacitors) shall be in full contact with the printed
board and the body shall be bonded or otherwise retained to the board to
preclude hammering when vibrational and shock forces are applied.

‘E’’NBO~:*(o.03GlNChfilN)
[0.7G mm)

(NOT SHOWN)

#“D

RESIN BOND

d

~BONDING MATERIAL

F;GURE 57. Side-mounted, nonaxial-leaded components (see 5.3. 19.9. ].4).

5.3 .19.9.1.5 When documented on a government approved assembly drawing a
component m~y be s ide-motinted or end moun~ed, and le~cs thereuf shall be
formed tc J radius (r) at least 0.03C inch (0.7E mm) but nc le~~ than the
diameter (d) of the lead (see figure 62). The maximum radius of any stress
relief bend shall be 3d. When leads are formed as shown by phantom lines in
fi ure 58,

?
the span (X) shall not exceed 0.25 inch (6.4 mm). Tile lead rise

(Z, from the base surface of an end mounted component shall not exceed 0.25
inch (6.4 mm). Side-mounted or reverse end-mounted components (figure 58)
shall have one side or the reverse end in full contact with the board surface
and resin bonded to it.



.

.- \
/ \‘–=\~r

\\
‘d

/=-

i)ETAlL A

NOTE LEAD BENDS
cOMPONENT

AT BODY WERE FORMED DuRING
MANuFACTURE.

~ RESIN BOND

FIGURE 58. Radii for stress relief bends (see 5.3.15.9.1.5).

5 ,3.19.9.1.6 Any nonax ial- leaded component with coating meniscus on ~~e

or more leads shall be mounted such that the meniscus is I“1Oclc]ser thdri O.UIO
inct’.(0.25 mm) from the terminal area on the component surface of the board.

Trimming of the meniscus is prohibited. This requirement takes precedence

over requirements of 5.3. 19.9.1.1 (see figure 59).

MENISCUs

FIGURE 59. ~eniscus clearance (see 5.3.19.9.1.6).

7’7
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5.3. 19.9.2 Dual le~d comporlents. Dual lead components of configurations -
A through J of figure bU shall as an exception to 5.3.19.9.1.1, be mounted
freestanding with the larger sides perpendiculiir to tile board surface +15
degrees as shown in figure 61 when:

—

a. Angularity is required for clearance in the next higher
assembly.

b. That edge of the body nearest the surface of the board approxi-
mate parallels the board surface and is no less than 0.040
inch? )1.0 mm and no more than 0.090 inch (2.3 mm) from the
surface.

CRYSTAL
CAN

DEVICE

A

t?

POCKETBOOK

CAPACITOR

E

w
ORANGE

DROP

CAPACITOR

H

FIGURE 60.

MOLDED wAFER
BOX CAPACITOR

CAPACITOR

B c

MOLDED

BOX

RESISTOR

F

MINIATURE

CHOKE

J

(i?
DAMPER

DIODE

D

w
TEST

POINT

G

Typical configuration of components with
tiuaI nonax Ial-leads (see 3.3.19,9.2).
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A P-’’oMAX

.—

0.0901NCH MAX(2.3mm)

+
1 I \

1

L- 0.0401NCH MI N(l.O mm) 1 0.0401NCH MIN (l.O mm)

0.090 INCH MAX [2.3 mm! J

FIGURE 61. tlountinci of components with dual nonax ial-
7e?ds (see 5.3.19.9.2).—

5.3. 19.9.3 Metal power packaqes. As an exception to 5.3.19.9, compo-
nents of the metal power package configuration (see figure 62) shall not be
mounted freestanding. Such components shall be mounted in accordance with
paragraph 5.3.19.9.3.1, or, if the leads are neither tempered nor greater than
0.050 inch (1.3 mm) in diameter, and stress relief is provided in accordance
with 5.3.19.9,1.5, they may be side-mounted, through-board mounted, or mounted
on nanresil ient standoffs. The leads of all components Gf the metal power
package configuration shall be stress relieved in accordance with 5.3.19.9,
,l~ilizing the stress ~cl ief ~cthod corresponding to the Mounting technique.

The standoffs, heat sink frames and resilient spacers on which metal power

packages are mounted shall be of a configuration which facilitates cleaning.

-CASE

FLANGE

INSULATOR

FIGURE 62. Metal power package transistor (see 5.3.19.9.3).
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5.3.1 .9.3.1 Metal power
7

packages mounted on resilient standoffs. (See
figure 63.

5.3.19.9.3. 1.1 Lead holes shall not be plated-through if the component
body is mounted in contact with the board or c;rcu itry thereon. This require-
ment takes precedence over 5.3.19.4.

5.3. 19.9.3.1.2 The component body shall be spaced a minimum of 0.020
inch (0.5 mm) above the board surface if lead holes are interracial or inter-
layer connections (to permit solder flow to and onto the component. terminal

areds) .

5.3.?9.9.3. 1.3 Leads may be tempered or exceed 0.050 inch (1.3 mm) pro-
vided they are net clinched against the priflted wiring terminal area.

5.3. 19.9.3.1.4 A washer shall be inserted between each screw head and
the terminal area.

5.3. 19.9.3.1.5 A washer shall be inserted between each screw head and
the board material.

5.3. 19.9.3.1.6 Nuts shall be lock type or shall be retained by locking
de’;ices..

5.3, 19.9,3.1.7 The heat sink or device mounting flange must be provided
with threads to match the mounting screw for the solder lug.

5.3. 19.9.3.1.8 A resilient material shall be incorporated to provide
stress relief. It shall either be mounted between the metal power package and
the board or be a stressed member in the mounting/hold down hardware (see
figure 63D).

5.3. ?9.5.3. 1.9 hJhere the metal power package or heat sin~.s ere mounted
over circuitry, insulating material shall be placed between the metal power
package or heat sink and the board.

5.3.19.9.3.1.10 The top side of plated-through holes shall not be
obscured and shall allow solder flow onto the component side of the board.

5’../.19.9.3.2 tlet:l power paci,acjesmounted OK ncnwesil icnt standcffs,
The leads cf metal power packages mounteo or nonresll lent stanclof~s sha7T be
either straight-through in plated-through holes, or cl inched in an unsupported
hole. The leads shall be untempered or less than 0.050 inch (1.3 mm) in
diameter. The leads shall be stress relieved in accordance with
5.3.19.9.1.3. The mounting hardware (screws, nuts, washers, etc.) shall be
mounted in accordance witn 5.3. 19,9.3.1.4 through 5.3.19.9.3.1.7. The insula-
tion and hole clearance requirements of 5.3. 19.9.3.1.9 and 5.3. 19.9,3. l.iO
shall also apply (see figure 63).

80
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SOLDER LUG LARGE
AND JUMPER HFAT SINK—

;

M+
c

A,
., 5.—-

43-65 ‘1)I 3 5

SOLDER LUG
B

AND JUMPER

r! 1 ~ 1 I
r .,.

~

0
4

SLOT MILLED IN

SOLDER LUG
r

HEATSINK FOR
CLEANING

‘ND JUMPE,R @

‘1

4 8

d
1 b-3 d9

D

Leac! ho?es shall
if the component
contact with the

not he plated-tl!rough
body is mounted in
board or circuitry

theretc [see 5.3.19.9.3.1.1).

Component body spaced a minimum of
0.020 inch (0.5 mm) above the board
stirface (see 5.3.19.9.3.1.2).

Unclinched tempered lead, or lead
exceeding 0.050 inch (1.3 mm) in
diameter (see 5.3.19.9.3. l.3).

Washer inserted between screw head and
the terminal area (to preclude ter’mi-
nal area damage) (see 5.3. 19.9.3. ?.4).

Washer inserted between screw head and
the board material (to preclude board
damage).

Lock type nut or nut retained by
locking device.

Heat sink or mounting flange provided
threaded to match mounting screw.

Resilient material providing stress
rel ief (either mounted between the
metal power package and the board or
ds a stressed member).

Insulating material between metal
power package or heat sinks mounted
over circuitry.

FIGURE 63. Mounting of metal power packages
(see 5.3. ?9.9.3.1 and 5.3.19.9.~.2).

5.3. 19.9.3.3 Heat sinking of metal power packaqes, Heat sin~.i~lgframes
may be utilized in conjunction with components encased in metal power

!
ackages

provided mounting is otherwise in accordance with requirements of 5.3. 9.9.
When heat sinking frames of the type identified as A, B or C of figure 68 are
utilized, the preferred method for providing stress rel ief for solder connec-
tions is the inclusion of a resilient spacer between the base of the heat sink
and the surface of the printed wiring board. Spacer thickness shall be com-
mensurate with the thickness of the frame and the thickness of the flange of

the metal power package but not less than 0.020 inch (0.5 mm) (see figure 64).

31



—.

:;: [,-$”\: ., : :’1[”)(:;

liOTE: Heat dissipation characteristics of end-mounted, side-mounted, and
-

throuqh-board mounted components shall be carefully considered for

each particular app; icatibn inasmuch as excess heat can cause
damage to printed beards {see 5.3.19.7.1.1) and insufficient
dissipation caI damage the component internally.

0020 INCH MINIMUM
(0.5mm) 1

A NOTE: A PLrABLESPACEF MdY BE
POSITIO/dED BETWEEN Tt{E c

(?/ (

J!

‘( i,[5,‘,LJ

uro’<;;i’’’’’’’o’’’”’<-

Ill Ill% /1AS ‘PROVISIOL FOR STRESS ,1

. n RELIEF, /’

FIGURE 64. Heat sinked metal power packages (see 5.3.19.9.3.3).

5 .3.19.9.4 In-line connectors. As an exception to 5.3. ?9.9j in-line
printed wiring board connectors such as shown in figure 65 may be mounted in
full contact with the printed wiring board provided that the conr-ector is
designed such that there are both stress relief provisions internal tc the
connector bod.v and cavities (either visible or hidden) which preciude blocking
nf p]at~d-thr(!ugh noles (See figure 06~.

FJGIJRE E5, in-li~e ~fintec w!rin~ bo;~rrlCclnnectcrs (~pp 5,3.19.9.4).
......... .....................-......—-...-—--—..——--.....................—....-. -.—
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flow.

b. Satisfactory functional ch?racterist. ics during or after
exposure to specified environmental conditions.

T
—PR:?\’r’SION FOE

STRESS RELIC~

CLEARANLE SPACING
PERMITTING SOLDFR
TO FLOW THRU TO
PRINTED TERMINAL
BC)LRCJ TERfiwllNAL OR ,- ——.—— .. ..

i

FIGIJRE 66. internal connector lead configurations (see 5.3.19.9.4).

5.2. 1$.9.5 Potentiometers. As an exception to 5.3.19.9.1.1, potenti-
“’1111??.2)’L ;:’)::. .;tllc:~~tnlc:lt LJuiic.e~,.~ig:liroqle~~ Lh:l:;],.’~:~:i:~ ;:.j ~..d;l,:)

per lead shall, unless the diameter of edch lead is 0.040 inch [1.0 mm) or
greater, be mounted in accordance with 5.3. 19.9.1.2 or 5.3.19.9.1.3.

5.3.lQ.9.6 Tall profile components. As an exception to 5.3. ?9.9. 1.1,
tall profile transformers and other devices with center of gravity in the
Upper half of tl~e component body (see figure 60) shall be mounted in accord-
ance witk or 5.3. 19.9. i.2 or 5.3. 1!?.9. 1.3 regardless of lead ciameter or
welgnt per leaa rat ios.

5.3. 1~.lCl Nonaxial-leaded components with leads extending from more than
a single surface. Flatpacks, dual in-line packaged (DIP) components, and
other devlccs configured with leads extended from two or more sidewalls (see
figure 67) shall be mounted with all leads seated on terminal areas or in
through holes. Leads shall not be truncated (see figure 68). Components of
the flatpack configuration shall be mounted in accordance with 5.3. 19.,10.1
thru 5.3. 19.10.4 and those of the DIP configuration shall be mounted In
accordance with 5,3.19,10.50

.!!?‘



FIGURE 67. Flatpacks and DIPs (see 5.3.19.10)”

t

NOT

FIGURE 68. Truncated flatpack leads (see 5.3.19.10).

5.3. 19.10.1 Flat acks.
&

Whether planar mounted or mcurlted with leads
inserted in throug flatpacks utilized in conjunction witt) printed

wiring assembl ies shall be mounted in accordance with 5.3.19.10.1.1.

5.3. 19,10.1.1 Bod seatin Flatpacks shall be mourlted with the body
~:10.1.2 tkI~U 5.3.19.10.1.6.seated in accordance with 5.

5.3. 19.10.1.2 Any component with a body of non-conductive material shall
be mounted with the body seated in contact with the surface of tt]e printed
board or circuitry thereof uniess; the terminal area pattern cf the device is
such that thr? pcrtion cf tne term ina- arca dbuttincj anv plated through flO?e

Id:,e(j f .,,. intf?rfac ial or conppctiqll is part i311y :)r t~)t;illybCJIC~tIIthe body

(see figure 69).
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FIGIJQF 69. Flatpack. seated on printed pattern comb’ined
with interracial hole (see 5.3.19.10.1.2).

5.3. 19.10.1.3 Any component with a body of conductive material shall be
seated on the printed board only if there is no printed conductor beneath the
body.

5.3. 19,10.1.4 If there are one
body, or, if a body is nonconductive
co!:tiuct~r or a bc)ard, t$~ I-lodyshall

or more conductors beneath a conductive
but covers more than one printed
be:

a. Mounted flat on electrical insulation that is firmly affixed
(either by pressure or adhesive) to the printed board such that
the mcisture traps are precluded; or

b. Spaced from the board a minimum of 0.015 inch (0.38 mm).

5 .3.19.10.1.5 If the terminal area pattern for the f]atpack is such that
any interlayer portion of the area surrounding a plated-through hole used for
interracial or interlayer connection under! ies either a conductive or non-
conductive body, the body shall be spaced a minimum of 0.01S inch (0.38 mm)
above the surface of the terminal area to permit solder flow through the hole
cIIto the terminal area.

5.3. 19.10.1.6 Maximum spacing between the component body and the surface
of the terminal area shall be 0.040 inch (1.0 mm).

5.3. 19.10.1.7 Leads on opposite sides of planar mounted flat packs (see
figure 70) shall be formed such that component cant (non-parallelism between
the base surface of the mounted component and the surface of the printed
wiring board) is minimal and in no instance shall body cant result in non-
conformance with the minimum and maximum spacing limits 0.015 inch (0.38 mm)
and 0.040 inch (1.0 mm), respectively) as specified in 5.3. 19. ~0.l.5 and
5.3.19.10.1.6.

5.3. 19.10.2 Lead configuration. Leads of flatpacks of the plug-in
configuration (leads egresslng from the base surface as shown in figure 70)
shall be configured for mounting in accordance with 5.3. 19.9.1.1 and the

component shall be mounted in accordance with the requirements therecf.
tihetner of the r ibbon, fl~tted or square config:jrati;n, the lcad~ CC flatpa~k~
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of the normal and butterfly configuration (leads egressing from two or more
sidewalls as shown in figure 71) shall be configured as shown in figure 72 if
the component is planar mounted and as shown in figure 73 if mounted with
leads dressed through the board.

FIGURE 70. F?atpacks of the plug-in configuration [see 5.3.19.10.2)

-

FIGURE 71. Normal and butterfly flatpacks (see 5.3.19.10.2).

.015 INCH MIN
(0.38 mm] 7r [

NO BENOA7

T+-+=%
45°MiN
90° MAX

SEAL

W=RIBBON
LEAD WIDTH

LMjN=l ~2W

RMIN: 1.51

FIGURE 72. Conf~urat ion of ribbon leads for planar—.—. -—
mounted f~atpacks (s~e 5.3.19. 10.2/.
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0

FIGURE 73. Configuration of ribbon leads for through-hole
mounted flatpacks (see 5.3.15.10.2).

5.3. 19.10.3 L~ad_seatin~ for lanar mounted flatpacks, Leads shall be
-%”-”-----’r---Seated such that the%ee=term[na area re atlonsh~p shall conform to

figure 74. Leads shall be seated such that there is no side
overhang (see figures 74 and 75) is acceptable provided that
of 5.3. 19.10.3.1 through 5.3. 19.10.3.6 are met.L

w <

overhang. Toe

the requirements

MIN

B

FOOT-J ACCEPTABLE

A

FIGURE 74. Heel mount ing requirements for ribbon leads (see 5.3. 19.10.3) .

5.3. 19.10.3.1 The length of lead contact shall be a minimum of 150 per-
cent of the width (see figures 74 and 75).

L
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5 .3.19.10.3.2 Toe overhang is permissible provided that it does nut
exceed 25 percent of the width or diameter of the lead ana the spacing to

adjacent conductive elements remains greater than the minimums specified in
paragraphs 5.3.2 and 5.3.3 (see figure 75).

I
1

I ‘/2w
‘2D(MIN)

..-”

FIGURE 75. Toe overhang limits for ribbon leads
(see 5.3.24. 19.3 and 5.3. 19.10.3.2~

5.3, 19.1o.3.3 Toe curl shall not exceed twice the lead thickness (2T)
(see figure 76).

-

FIGURE 76. Toe curl limits for ribbon leads
Isee 5.3.19 .10.3 and 5.3.19.10.3.3).

5.3.19. 10.3.4 It is preferred that leads be seated in contact with the
terminal area for the full length of the foot. Separation between the foot of

such leads and the surface of the terminal associated area shal? not exceed
twice the lead thickness (2T) (see figure 77).

5.3.19. 10.3.5 Leads shall be formed such that they will contact the
termination area upon mounting without the need to impart stress on the lead
to accomplish soldering.

,. f-
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-.
5.3. 19.10.3.6 Leads shall be formed such that foot twist is minimal and

in no instance shall foot twist result in non-conformance with the 2T maximum
spacing requirement of 5.3.79.10.3.4.

T

+’

2T MAXJ

FIGURE 77. Permissible separation between lead
anti term!nal area (see 5.3.19.10.3.4).

5.3. 19.10.4 Lead dressed for through-board mounting. Whether of a
round, square or r-lbbon cross section, leads shall be dressed to and through
the printed wiring board such that canting, bending, bowing, twisting, or
other deformation does not cause clearance spacings to be reduced beyond the
minimum specig;ed (see S,?.2), Canting, bowing and bendinq of leads in any
direction shall not exceed 25 percent of the lead width (or diameter) 1101”

shall leads be twisted more than 15 degrees.

5.3. 19.10.5 Dual in-line packages. A dual in-line package (D?P)
util ized in conju[?ct ion with printed wiring assemblies shall be mounted in
accordance with 5.3.?9.10.5.1 thru 5.3.19.10,5.8.

-.

5.3.I9.1O.5.I The base of the device shall be spaced from the surface of
the printed wiring board a minimum of 0,01(! inch (0.25 mm) and a maximum of
0.060 inch (1.1 mm).

5.3. 19.10.5.2 When a separate resilient footed or nonfooted standoff is
utilized in conjunction with a dual inline package, mounting shall be in
accordance with 5.3.19.9.1.2. Standoffs shall be mounted in contact with the
component and the printed wiring board (see figure 78).

I 1 r 1

A
Inrmnnnrml.

A
}

3:
11 11 11 11 11 11 m { J’ >. w w

B

FI[;l./Rt7a. DIP mounting util izinc resil Iellt footed aFId
nontooted standcff$ (see 5,3.19.10.5.2)................._ ........-.—-.——— .....—.—
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5.3. 19.10.5.3 DIP devices shall riot be mounted in sockets or other
plugin devices which rely upon contact pressure for part retention. Leads of
the DIP device shall be soldered in place.

5.3. 19. ?0.5,4 DIPs mounted directly to heat sink frames shall have
special st}-ess relief provisions included. The use of heat sink frames must
comply with the hole obstruction requirements of 5.3.19.1.

NOTE : The inclusion of a pliable spacer material between the heat sink
frame and the printed wiring board (see figure 79A, 79B and 79C)
is an acceptable method for assuring stress relief provided the
resilient added material is of sufficient thickness (0.020 inch
(0.5
ture

mm) typical) to
change.

compensate for forces imposed during tempera-

0.0201NCH TYP
(0.5mml

A

‘EATs’NK2Q=Q=@
—

B

c

FIGURE 79. Resilient spacer to heat sink frame (see 5.3.19.10.5.4).
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5.3. 19.10.5.5 The body of a DIP device shall not be formed from epoxy,
other resin, or plastic. CERDIPS and ceramic bodied DIPs with side brazed

leads are acceptable provided they are proven reliable for intended environ-
ments

m
use (se’e figure 80A and 80B).

—.

m

L..-l

CEROIP SIDEBRAZECIDIP

A B

FIGURE 80. Typical ceramic dual in-line package
dev Ices (see 5.3.19.10.5.510

5.3.19.10.5.6 Leads on DIPs may be bent, rather than clinched, toward
the termination area to retain parts during soldering operations but shall
conform to the protrusion requ~rements of 5.3. 19.4.1 (see figure 8!).

Bends

shall be limited by the requirements of 5 .3.19.4.1 with the direction outward
Alternate bend directions may be(away from the center of the Part body)” ,Co~~ll. ~r2vlin2,

Licti n’l,~i,specified ufi :S,c gu’~c:-n;nc:tJ;p::’;c: :---044-J

r
B

AXIS OF HOLE

FIGURE 81. Lead bends for multileaded com~onf?nts (see 5.3.19.10.5,6).

31
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5.3. 19.10.5.7 The lead-to-body seals of mounted devices shall be un-
damaged except for rrtenisus cracks located within 1/2 the distance from the

lead to the case. Hairline cracks in either the seal or the body are not
acceptable (see figure 82).

HAIRLlbJE CRACK—/

/

w
w

\,

1CHIP EXTENDING
INTO THE SEAL

FIGURE 82. Not acceptable body and seal conditions (see 5.3.19.10.7)._ ..—...- —- —...

5.3.19.11 Planar mounted components. Except as specified in 5.3. 19.11.1
and 5.3.19.11.2, components shall be planar mounted only when documented on a

government approved assembly drawing.

5.3. 19.11.1 Flatpacks of the plug-in configuration, dual in-line
packages, transistors, metal power packa9e5, znd other noriaxiel-leaded com-
ponents shall not be pl~nar mounted.

5.3. 19.11.2 Miniature axial-leaded components. tlinidture dxidl-leaded
components shall be planar mountea in accordance with 5.3. 19.11.2.1 thr~
5.3.19.11.2.6.

5.3. 19.11.2.1 Planar mounting of axial-leaded component shall be
utilized only if the component is miniature, weighing less than .050 ounces
(1.4 qrams), and is mounted parallel to the board surface. Table X lists the
weigh~ and body diameter of typical axial-leaded resistc)rs.

.
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TABLE X. Approximate weight of typical resistors.

Power Body Dia. Weight
Rat ing Physical
(Watts) Configuration Inches mm Ounces Grams

5
~

0.30 7.6 0.143 4.05

2
IUME

0.31 7.9 0.101 2.86

? 0.28 7.1 0.052 1.49

1/2 0.14 3.6 0.022 0.62

1//4 0.10 2.5 0.011 0.31

1!6
1/9 —-. \ . o.@cj 2.3 0.010 0.28

) I

1,/fj 0.06 1.5 0.003 0.08
L

i J

NOTE : The size and weight of components vary by type of component,
material, construction, manufacturer and other 1 ike considera-
tions, Accordingly, the characteristics of a component to be
planar lead mounted should be ascertained on an individual piece
basis.

5.3. 19.11.2.2 Components with axial-]eads of rectangular cross section
shall be mounted in accordance with 5.3.19.10.3.

5.3. 19.11.2.3 Components with axial-leads of round cross section may be
coined or flattened for positive seating in planar mounting. If coi~ing or
flattening is used, the following applies:

a. For flattened round leads with an original diameter (D) of 0.025
inch (0.64 mm) or greater, the flattened thickness (T) shall be 60 ~
10% of the original diameter.

b. For leads with an original diameter of less than 0.025 inch (0.64
mm), the flattened thickness shall be 50 ~ 5% of the original
diameter (see figure 83).

-

Actual measurement of the flattened thickness is not required except for
referee purposes. Flattened areas of leads coined for planar mount il]gshall
be excluded from the 10 percent deform~tiorl requil”ement,
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DIAMETER [D)ISEQUAL TO OR GREATER DIAMETER(D) IS LESS THAN
THAN 0.0251NCH (0.635 mm) 0.025 lNCi+(0.635 mm)

tizzzzi’””’o’fzzzEEO’”
FIGURE 83. Flattened round leads (see 5.3.19.11.2.3).

5.3. 19.11.2.4 The body of a planar mounted axial-leaded com orient shall
Ebe spaced a minimum of 0.015 inch (0.38 mm) from the surface of t e printed

wirina board and a maximum of 0.025 inch (0.64 mm) (see figure 84). Leads on
o pos~te sides of planar mounted
Et at component cant (nonparallel

component and the surface of the
instance shall body cant result
spacing limits (0.01S inch (0.38

axial-leaded components shall be formed such
sm between the base surface of the mounted
printed wiring board) is minimal and in no
n nonconformance h’ith the minimum and maximum
mm) and 0.025 inch (0.64 mm), respectively) .

1 1 1

//”//’////” /
,,.(,//(/,/’,./,/’, <,///(/// + 6<;”-/,<y;//

,.’ / ,.’ ,/”/ ‘“ / ,“ ,.”,/ .’” >“ , ‘“ ‘“ ‘
/

/

.015 INCH MI N(0.38 mm) ]
.0251NCH MA X( O.64mm!

FIGURE 84. Coined or flattened lead (see 5.3. 19.11.2.4 and 5.3.19.11.2.5).

5 .3.19.11.2.5 Round or flattened (coined) leads shall be seated with the
heel to terminal area relationship in accordance with figure 74, Leads shall
be seated with no side overhang. Toe overhang is acceptable provided that the
flattened lead in contact with the terminal area is a minimum of 150 percent
of the unflattered lead diameter and the overhang does not reduce spacing to
adjacent parts to less than specified in 5.3.2 and 5.3.3.
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5.3. 19.11.2.6 It is preferred that leads be seated in contact with the
terminal area for the full length of the foot. Separation between the foot of
such leads and the surface of the terminal area shall be 1 imited to 15 degrees
from the surface of the board (see figure 85).

.Ololtdcli
(c’25mm)

ACCEPTABLE NOT ACCEPTABLE

FIGURE 85. Formed lead alignment (see 5.3.19.11.2.6).

5.3.19.12 Terminals used for mechanical mounting. Terminals not
connected to printed wlr~ng or pr~nted ground planes shall be of the rolled
flange configuration (see figure 86). Rolled flange terminals shall be

-. accordance with 5.3. 19.12.1 thru 5.3.19.12.5.

FLAT FLANGE

f \

L ROLLED FLANGE

FIGURE 86. Rolled flange terminals (see 5.3.19.12).

5.3. 19.12.1 The terminal shall be set such that it can neither be
rotated nor moved axially under normal finger force and such that there
cracking, chipping, or delamination of the base material of the printed
or terminal board.

5.3. 19.12.2 The shank of the terminal shall not be perforated nor

cracked, or otherwise discontinuous to the extent that oils, flux, inks, or
other liquid substances utilized for processing the printed board are or can
be entrapped within the mounting hole. Circumferential cracks or splits in
the shank are not acceptable regardless of extent.

in

is no
board

split,
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5.3. 19.12.3 The lip of the rolled flange shall contact the base laminate -
for the full periphery of the flange.

5.3. 19.12.4 The rolled flange shall
discontinuous to the extent that flux, oi”
utilized for processing the printed board
hole. After rolling, the rolled area sha

not be sulit. cracked. or otherwise
s, inks,’ -or other Iiq;ic! substances
can be entrapped within the mounting
1 be free of circumferential splits

or cracks, but may fiave a maximum of three radial splits or cracks provided

that the splits or cracks are separated by at least 90 degrees and do not
extend beyond the rolled area of the terminal (see figure 87).

\/
RADIALSPL[T(3MAX)

ACCEPTABLE

PIECE MISSING

NOT ACCEPTABLE
-

FIGURE 87. Rolled flange requirement (see 5.3.19.12.4).—.

5.3. 19.12.5 Washers or discs may be utilized under the rclled flanges
provided that:

a. There are no deviations from other requirements of this para-
graph.

b. The washer Gr discs are not utilized for cornectiorl to
electrical circuitry either by pressure or direct wiring.

5.3. 19.12.6 A printec foil pad may be utilized cs ~ s~:~ti~g 51Jrfa~c f~~”
a rolled flange provided that the pad is isolated and not connf?r~ed tc’ ~~tIv~
printed wiring or ground plane.

NOTE : When a rolled flange is used in conjunction with an electrically
nonactive pad, solder is neither necessary nor particularly
desirable.

5.3.19.13 Terminals used for electrical mountin~. The flared flange
terminal configuration (f” 88) shall be used for printed boards or printeC
board assemblies. The fu~~~~eflange terminals confi uration (figure 88) shall

7be utilized only in conjunction with terminal areas isolated or active) or
ground planes; they shall not be flared to the base material of’ the printed
board. lerminals shall be nounteu irI acL~lrdance witlI [1.3.;9.12.1 thr’(.
5.2,19.1:.7.
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5 .3.19.13.1 The terminal shall be approximately perpendicular to the
board surface.

5.3. 19.13.2 Flat body flanges (see figure 88) shall be seated to the
base material of the printed board and not on ground planes or terminal areas
except as permitted in 5.3.19.13.6.

5.3. 19.13.3 The installed terminal shall be free to rotate> b:~tnot free

to move axially under normal finger force. Magnification aids are
required to check the axial movement.

5.3. 19.13.4 Flared flanges shall be formed to an included angle between
55 and 120 degrees and shall extend between 0.015 inch (0.38 mm),a:d 0.060
inch (1.5 mm) beyond the surface of the terminal area provided mlnlmum
‘electrical spacing requirements are maintained (see figure 89) and the flare

diameter does not exceed the diameter of the terminal land area.

I I /-FLAT FLANGE

\

=FLARED FLANGE

FIGURE 88. Standoff termination (see 5.3.19.13).—

,,.//[ ‘4;’, ,,,

,#j;gy//<< ~;’‘/Y/~/,,.//,.,,<,./‘/,,
1

0.0151NCH MIN(O.3Smm)
~

0060 lNCHMAX(l,5mm) k ,,.2
TO
Iz@

dmox=o

A B

FIGURE 89. Flare and extension of funnel flanqes
(see 5 .3.19.13.4 and 5.3,19.13.5).
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5.3. 19.13.5 The flared flange of a terminal shall not be perforated or
split, cracked, or otherwise discontinuous to the extent that oils, flux,
inks, or other liquid substances util ized for processing the printed board may
be entrapped within the mounting hole. After flaring, the flange shall be
free of circumferential splits or cracks, but may have a maximum of three
radial splits or cracks provided that the splits or cracks are separated by at
least 90 degrees and do not extend beyond the flared area of the terminal.

5 .3.19.13.6 Terminals shall only be mounted in unsupported holes. If it
is essential that a terminal be utilized for interracial connection, a dual
hole configuration incorporating a supported plated-through hole shall be
combined with an unsupported hole interconnected by a terminal area on the
solder side of the printed wiring board (see figure 90). As an exception, the
terminal may be mounted in a plated through hole with a nonfunctional land on
‘the component side (see figure 91).

NO TERMINA

FLARED FLANGE---” II \/

UNSUPPOF?TEDHOLE~ ~ CPLATED-THRO”GH SURFACE
TERMINAL AREA

FIGURE 90. Dual hole configuration for interracial and i~lter-
layer terminal mount Inqs (see 5.3.19.13.6).

FLAT FLANGE-\

\ ++ I__

NONFUNCTIONAL
LANO

.

‘ ge
PLATED-THROUGH
HOLE ‘FLAREO

FLANGE

IF JCI.IIT

-

r, 1
FuNNEL
FLANGE= I 1,I

\ II r--FOlL

\
I I

FLAREO-”
FLANGE

ACCEPTABLE NOT ACCEPTABLE

FIGURE 9:. standoff terminal interracial connection (see 5.3.19.13.6).
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5.3. 19.13.7 Terminals with a rolled flange on the solder side and a

funnel flange on the component side shall not be used (see figure 92).

--

1
L

1

1
FUNNEL FLAtJGE

FOIL

‘~ROLLED FLANGE

NOT ACCEPTABLE

FIGURE 92. Funnel and rolled flanqe terminal (see 5.3.19.13.7).

5.3.2: ‘ernirl(?,? b:art mo!.lnt. ioflsl
Tprminals shall be molJnted to termirldl

t,oards in accrlrd<q”cc with 5.3,19,12 and 5.3,19,13,

., .,t
5.J.LI I“lwl:lllg :~ :~~-~j~’~~~”

\/!\&tl)jw?.+?’.r~ir:{l$AYr m1711-*ed to nrinte+

boards, terminal boards or chassis members, components and wires

. shall be

‘.3.21.1 through 5.3.21.8.mounted in accordance with ~

5.3.21.1 Lead wires shall be dressed in the proper position wltn a
slight loop or gradual bend as shown in figure 93. The bend shall be
~llf+i~i~nt t,n pr~~llldp... t~nsion on the connection when such IS flnlshed and to

permit one field repair.

FIGURE 93. Stress relief for lead wiring (see 5.3.21.1),

--
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5 .3.21,2 Lead wires may be wrap~ed clockwise or counterclockwise but
shall continue the curvature-of the tiiess of the lead wires
~nd shdll nut. interfere with the wrappi!-g of clther wires on

(see figure 94)
the tcrrin.~1.

ACCEPTABLE NOT ACCEPTABLE

FIGURE 94. Lead dress (see 5.3.21.2).—.—. ..-....—— ——-

~,,~.11 9 Thr-~ :t-al~ be PC rcr~ than three ..a+t~rl>moptf tn arlv ?erminal.,
other than turret or bifurcated terminals and there shall be no rnorc than
three attachments to any terminal section of turret and bifurcated terminals.

5.3.21.4 Urlless mounted ~itt, tne component body seated to a printed
board, terminal board, or chassis with stress bends as shown in figure 95A,
Components shall be mounted such that the body is displaced with respect to
~-11~:.fiirm;I)tilt[;WII;LII Ll(ty dre dtt.dLIIedds :,}ICIWIIiIIf;jtir(s ~~[~, ~L~ :111’~ ~~n

-

1,!I.1
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A
VERTICAL PLANE

c&i-
POSITION LINE

—— —-- -——— ——

COMPONENT DIAMETER TO 3/16”
1/2 W RESISTOR (TYP)

B

tiORIZON1-ALF’UNE

COMPONENT DIAMETER
3/16’1T0 1/4”

IW RESISTOR (TYP)

c
HORIZONTAL PLANE

COMPONENT DIAMETER 1/4”’AND GREATER
2W RESISTOR (TYP)

D

HORIZONTAL PL.AN E
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5.3.21.5 Turrpt terrninalS.

5.3.21.5.1 Ledd wraj]. Leads or wires shall be maintained in contact
with the post for the fulr curvature of the wrap which shall extend not less
than ~8~ d~gree~ (~/~ tUr’11)arid 1’10M~)rp ‘.hdfi270 degr~!~~ [~f~ tUl”l”l)(Se~
figure 96) around the post. There shall be no more than three conductors for
each section. The first wire shall be attached to the base and vertical post
in the lower section or the shoulder and vertical post in the upper section.
Additional wires shall be attached as close as possible to the preceding wire
consistent with the insulation thickness. When practicable, except fur bus
wire, conductors shall be placed in ascending order so that the largest wires
are on the bottom. The side route shall be used on all solid post turret type
terminals.

TOP sSHOULDER

:>>--+<.... ..P&-*,
-.—

YBASE–
A

TERWNA1 ~9ST
oO— 00=1/2TURN -

MINIMUM

-Ju-
/’

“x
270°=3/4TURN ACCEPTABLE

MAXIMUM RANGE

B

FIGURE 96, Turret terminal wire wrap (see 5.3.21.5.1).

5.3.21 .5.2 Continuous run wrapp inq. If three or more terminals in a row
are to be connected, a solid bus wire jumper may be continued from terminal to
terminal as shown in fi ure 97

i 8
rovided the first and last terminals of the

series conform to the 1 0 to 27 degree requirement.

—
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5.3.21.6 Bifurcated terminals. The order ot preferred terminations of
bifurcated terminals shall be as follows:

5.3.21 .6.1 Side route connection. The wire or component lead shall be
dressed through the slot and wrapped to either post of the terminal (see
figure 98A). The wire or lead shall be wrapped to the terminal post a minimum
of 180 degrees and a maximum of 270 degrees (1/2 to 3/4 turn). The wire or
lead shall be wrapped on the terminal post to assure positive contact of the
wire with at least two corners of the post (see figure 98D). The wire or lead
shall also be in firm contact with the base of the terminal or the previously
installed wire (see figure 98B). The number of attachments shall be limited
to three per terminal post and shall be maintained such that:

a. There is no overlapping of wraps and wires.

b. Spacing between wires, and spacing between the wires and the
terminal board or ~anel is a minimum consistent with the
thickness of the w’ire insulation.

c. The wraps are dressed in alternate

SINGLE WIRE
WRAP

A

MULTIPLEWIRE WRAP

B

directions (see figure 98C).

4

\ .... .
. ..... ,,,.

c

~TERMINAL FLANGE

I
A / -TERMINAL POST

“A------U
D

WRAP

CONTACT

FIGURE 98. Side route connections and wrap on
bifurcated terminal 7see 5 .J,,. 1).
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5 ,3.21.6.2 Bottom route connect ion. The wire shall be inserted through
the terminal base and wrapped to elth et- post a minimum of 180 de~rec~ and ?
maximum of 270 degrees (1/2 to 3/4 turn) fsee figure 9S). The wire sh~ll bc
wrapped on the terminal post to assure positive contact of the wire with at
least two corners of the post. The wire lead shall also be in firm contact
with the base of the terminal or the previously installed wire. When more
than one wire is to be attached, they shall be inserted at the same time but
shall be wrapped separately around alternate posts.

FIGURE 99. Bottom route terminal connection (see 5.3.21.6.2).—

5.3.27 .6.3 Continuous run connections. Wherl a series of terminals are
mounted in a row with the post pairs paral Tel (see figure 100) and the
terminals are to be connected each to the other, such interconnection shall be
made in accordance with figures 100, 101, or 102.

5.3.21 .6.4 Individual solid jumper wires shall be wrapped between
Corresponding DcIst.scf adjacerlt :ermir?ls in the row ~Sec f ig~~l-~1~~~ .
Individual wraps soall be in accordance with 5.3.21.6.1.

FIGURE 100. Individual wrap, bifurcated terminals (see 5.3.21.6.4).

5.3.21 .6.5 A solid jumper wire shall be wrapped to one post of the
initial terminal in the row and continued from terminal to terminal with 3611
CJegree wrappinq (see figure 101) at the post corresponding with the ‘irst
.l.)tilI.hc I;)!;:term-.I;ll :C h’t”?.:13Ed. “Ttl~f’!’<:?~rlr lfi’i?WY.dps :;llil’~IIP in

accordance with 5.2,21 .E,l.
.
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FIGURE 101. Continuous run wrapp inq, bifurcated
terminals (see 5.3.21.6.5}.

5.3.21 .6.6 A solid jumper wire shall be wrapped to one post of the
initial terminal in the row, dressed through the slot of each subsequent
terminal w!thout wraps, and wrapped to that Post of the last terminal which
corresponds with the post of the initial terminal wrapped. The first and last
wraps shall be in accordance with 5.3.21.6.1. The unwrapped portion of the
jumper shall include a curvature for relief of tension caused by thermal

expons ion and contraction (see figure 102).

FIGURE 102. Continuous run wrappin g, bifurcated terminals,
a Iternate procedure (see b.3.~1.6.b).

5.3.21.7 Hook terminals. The bend to attach wires and leads to hook
terminals shall be 180 7U degrees (1/2 to 3/4 turn). The maximum wire
fill shall net exceed th~ end of the hooks (see figure 103). There shall be
no mere th~n three conductors for each terminal. For size 30 or smaller wire,
a maximum terminal wrap of 3 turns may be used. Wires shall be
di~~~t~~ to thr t~r[llinal and not on orior l~ra?ped wir~sm

wrapped
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5 .3.21.8 pierced_or perforated terminals. For wir~ng to ~ single
terminal, the wire snail pass hrough he eye and be wrapped around the
terminal 180 to 270 degrees (1/2 to 3/4 turn), as applicable (see figure
104). If wires are to be attached to a group of terminals such as on trans-
formers, certain relays, and rotary switches, the wires shall be neatly
arranged around the terminals in such a manner that they do not cross one
another. When a continuous run is more practicable than would be the applica-
tion of individual jumpers, intermediate terminals of a series to be connected
with each other shall be .ioined with a solid jumper wire tl~readed throu9h the
openings (see figure 104)~ When a continuous-
attached to the end terminals (first and last
are attached to single terminals. The jumper
nonadjacent contact surfaces of each intermed

run is used, the wire shall be
in the same manner that wires

wire shall contact at least two
ate terminal.

FIGURE 104. Pierced or perforated terminal wire wrap (see 5.3.21.6).

FIGURE 105’. Continuous run weavinq, pierced or perforated

terminals (see 5.3.21.8).

—

lJL
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5.4 Task C: General process controls.

5.4.1 Requirements flowdown. The applicable requirements of this
standard shaTl be imposed by each contractor on all applicable subcontracts
and purchase orders. The contractor shall not impose or allow any variation
from these standards on subcontracts or purchase orders other than those which
have been approved by the government for the applicable prime contract.

5.4.2 Specialized technologies. Mounting and soldering requirements for
specialized ~echnologles not specif led herein shall be considered peculiar and
must be identified on the drawing and performed in accordance with documented
processes which are subject to review and disapproval.

5.4.3 Visual inspection, One hundred percent visual inspection of all
solder connections and assemblies shall be performed in accordance with the
requirements specified herein (see 5.4.20.4”). Component side connections of
components on densely populated printed wiring assemblies shall be inspected

to the extent that the component side connections are visible provided that:

a, -it is demonstrated to the government that the design does not
restrict solder flow to any connection element on the component
side of the assembly;

b. the visible portions of the connection (both component and
solder side) fully conform to the requirements specified
herein; and

c. process controls are maintained in a manner assuring repeat-
ability of assembly techniques.

5.4.4 Solderability.

5.4.4.1 Solderability of leads and terminations. Within 30 da S Of
receipt, external leads, pins and terminals of all components and alf
terminals to be soldered shall be tested to and conform to the solderabilitv
tests specif;ed iR MIL-STC-2C12, Method 208, M1!.-STD-75O, tlettiod2026, or
‘IIL-ST7-883, Method 2002. Parts received with hot solder dipped coatings
which were solderabil ity tested, including steam aging, shall be stored in
accordance with 5.4,4.3 f“lethOd2 from the date of testing.

5.4.4.2 Solderability of boards. The solderability of printed wiring
boards shall conform to the requirements of F!1L-P-5511O for rigid printed
wiring and MIL-P-50884 for flexible and rigid-flex printed wiring. Test ing
may be performed on coupons in 1 ieu of actual boards provided that the coupons
were prepared at the same time, from the same let cf materials, and stored
urder the sdme cundit.iclls 35 t~le boards irl(Juestiov. The sclderability of
prl~ted wiring stored for nore than one year shall be reverified in the
same manner.

5.4.4.3 f,laintaining solderability. The solderability of all components,
parts and terminals which have met the requirements of 5.4.4.1 shall be main-
tai~ed u5inq one of the follov,’ing methods:
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Method 1:

The components, parts or terminals shall be released for production and

soldered into an assembly within 120 days of meeting the specified
solderability requirements.

Method 2:

a. Leads, pins and terminals of all components and parts, and all
terminals shall be tinned with a solder fusing process to provide a
minimum of 0.0001 inch thickness. The tinning shall be performed by
the contractor, subcontractor or vendor.

b. The components, parts or terminals shall be released for production
and soldered into an assembly within 2 years of meeting the spec-
ified solderability requirements.

Method 3:

Non-tinned components, parts and terminals which have been held longer
than 120 days prior to being soldered into an assembly, shall be retested
for solderability and meet the requirements of 5.4.4.1.

Method 4:

a. Components, parts and terminals can be stored for up to 2 years
prior to use without additional solderability testing if they meet
the solderability test requirements of 5.4.4.1, after being exposed
to a minimum of 8 hours of artificial steam aging in accordance with
the appropriate component test specification, and if they are stored
in accordance with step b. Containers and storage bags must meet
the requirements of 5.4.13.

b. The storage environment shall not deviate from the following
requirements for a total of more than 90 days in 2 years: Relative
humidity 50 percent maximum; temperature 77 degrees F maximum; and
gas buildup not to exceed the following limits (given in micrograms
per cubic meter of air).

(1) reducible sulphur 0.2
(2) sulphur dioxide 10.0
(3) ammonia 15.0
(4) chloride (acidic chlorine) 0.1
(5) dust 20.0

In all cases, components, parts and terminals held in storage for more than 2
years shall, within 120 days of being soldered into an assembly, be retested
for solderability and meet the requirements of 5.4.4.1.

.-

5.4.4.4 Component Lead Tinning/Cleaning: Component leads, pins,
terminations, term ina?s and end caps whose solderability per 5.4.4.3 is
unsatisfactory shall be:
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\ a, c caned using a cleaning process which is controlled to prevent
damage or exposing component lead basis metal and sample tested
for ~onformance t; the” criteria of 5.4,4.1, except steam aging
is not required, or

b. Cleaned per 5.4.4.4.a and tinned in accordance with 4.9.3.5 and
4.11.3 and sample tested for conformance to the criteria of
5.4.4.1, except steam aging is not required.

Following procedures (a) or (b), the component leads, pins, terminations,
terminals and end caps shall be stored in accordance with 5.4.4.3.

5.4.5 Bow and twist. The bow and twist of the printed wiring assembly
circuit hoard shall not exceed 0.0?5 inch per inch (0.015 mm per mm). Where

the assembly drawing has a tighter requirement, then the drawing requirement
shall prevail.

5.4.6 Printed wiring board condition. Before components or terminals
are mounted on a printed wiring board, the board shall be examined for con-
formance to the requirements of 4.5 and 5.4,21. There shall be no evidence of
any of the following defects:

a.

b.

c.

il.

e,

f.

9.

h.

Scratches which expose basis metal;

Separation of the conductor pattern (including terminal areas)
from the base laminate;

Blisters in the conductor pattern;

IIieasiirigor crdzirlg which may result in an unacceptable
finished product or which exceeds the requirements of 5.4.21.9,
eXCPpt that the sum of the measled areas of any printed wiring
board shall not exceed 1.5 percent of the surface area of one
of its sides (see 5.4.21 .9.b);

Delamination of the base material;

Wrinkles in the conductor pattern;

Dirt, grease, or other foreign matter on the printed wiring
boards; and

Pits or inclusiorls.

5.4.7 Selection of surface mounted components,

5,L.7,1 Barrier codtings. Componerits with sirltel-ed-[llethl-on-ceram ic
terminations shall have a a diffusion barrier coating of electrolytically-
deposi~ed nickel conforming to QQ-N-290, Class 2 incorporated between the
sintered precious metal (see fI~L-G-45204) and the finish coating,

\
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5.4.7.2 ~. There shall be no discontinuitles
in the metal lized termlna I areas ot [eadless components of the reflow corl-
figuration (see figure 51).

5.4.7.3 End cap confiquraticn parts. D iscontinu ities in the metal lized
and caps shall not reduce the effective width (W) by more than 20 percent nor
the area by more than 30 percent (see figure 106).

FIGURE 106. End cap discontinu ities (see 5.4.7.3).

5.4.8 Harness and cable assemblies, Harnesses and cable asseiNbl ies
shall confor”fiF-t%F7F~ti’”[Fe–m–iFS-o-7RL-C-4522’4 or an equivalent specif ica-

:h~~l be utilized oply for harn~sses which wi~: not be subjected tG clcanir,q
solvents subsequent to lac ing operat ions.
shall not be used.

Tape impregnated with bee’s wdx

ta
is

at

5.4.9 Facilities.

5.0.9.1 Environmental cc]ntrois. An enclosed solder i’]yfac:litj, r.~il’l-
ned at a slight positive pressure, sha 1 be required if the soldering area
not air conditioned.

5.4.9.2 Tern erat~re and humidity.
-an, th

The temperature sh~]l be ~a~nt~incd

75 + 9°F (2 + e relatlve humidity shall not exceed 65 per-
cent. ‘When humi?it} decreascc to a level of 30 percent ar lower, P~Pct’’!~-
~t~tic ~i$~+arge 5ensitiL’e deifices dnd assembl ies ~h?~l be processed using
extraordinary controls for the protection of electrostatic sensitive devices
and .assembi /es in accord~nce with M:L-STD-1686.

r, 02:.4... u ‘V’?u;r:>~crltrc!. :.,rcaqti~e~ f~r ::l.j<?r,’-cp3pt S en< ~e~:.: \,~’”’’”c-
toxic or volatile vapors are generated shall include ; local exhaust system
util ized for removing air contaminants from the area in which they are
generated. As a minimum, the exhaust unit utilized shall be in accordance
with the recommendations or guidel ines of the Industrial ‘Ventilation Manual of
Recommended Practices ancl applicable CCK, Title 29, F)art 1900 tc 1919, :h~p:er
x~4’1: I ~afe:y and ~ea~th ~~~)i~istr~~-.i(jr)(I~~;A’Ir’ti~lJit’t!l’,ellts,flccupatior,a,

5.4.lC Maunificaticn aids and Iichtinq. lt~e tolerance for magnific(\LIL;rl
aids is 15 percent of the selected magn(~t ion power (i.e. + 15% or a range
of 30 percent centered at the selected magnification power). ‘Magnification
aids and 1 i~hting used for inspection shall be commensurate with the size of
thp item belrl~ procts:ci :nd co-]forrl:.0 tt’? f?ll:v~;mg:
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a.

b.

c,

d.

.

Ma nification aids of 2X to 4X for use during the inspection of
#ot er than solder connections.

Magnification aids for inspection of solder connections shall
be4X to 10X. For inspection of solder connections, magnifica-
tions aids of a type that permit simultaneous viewing with both
eyes are preferred. Single-eyed viewing devices, however, are
acceptable.

Light sources shall provide illumination of the solder connec-
tion being inspected from at least two directions at least 80
degrees apart so that no shadows fall on the connection except
those caused by the connection itself or the leads entering the
connection. Light sources used for inspection shall be
selected such that defects including exposed copper can be
detected.

O~tical systems utilized shall provide a field of view suitable
to permit-inspection of each solder connection but shall in no
case be less than plus or minus 10 degrees apparent field-of-
view angle measured from the center of the field as seen by the
viewer.

NOTE : Additional guidance for magnification aid selection ‘isprovided in
Appendix D.

5.4.11 Heat sources for use with heat-shrinkable solder devices. Hot
air convection heating tools used for Install Ing heat-shrfnkab Ie solder
devices shall produce a stream of heated air of sufficient volume and tempera-

ture for the application. Suitable air reflectors shall be used to concen-
trate and control the heated air around the product being installed and to
prevent damage to adjacent components, insulations, or boards. Other tYPes of
heat sources such as infra-red, conduction, induction, etc. shall be utilized
in accordance with a documented process which is subject to review and dis-
approval.

5.4.12 Antiwicking tools. Antiwicking tools shall be of a design which
fits only a specific conductor gage size and shall be marked with that con-
ductor gage size.

5.4,13 Storage Containers. Containers or bags which are utilized to
store printed wiring boards, solderable components, or solderable wire shall
be of a material that does not introduce gases or chemicals which are detri-
mental to the item or its solderability. In the case of tape and reel com-
ponents, the tape and reel materials shall not detrimentally affect the
solderability of the surfaces to be subsequently soldered. Bags, containers
and tape and reel materials used for storage of electrostatic sensitive
devices shall provide device protection in accordance with DOD-STD-1686.

NOTE: Containers, bags, tape and reel materials, or combinations may be
verified under accelerated aging test conditions to determine
whether item solderability is detrimentally affected. Silicones,
sulphur compounds, polysulph ides, etc., have been found to be
detrimental to component solderabilit.~.
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5.4.14 Solderinq equipment. Soldering irons, soldering machines and
systems, and associated process equipment ( including fluxers, preheater,
solder pots, cleaning system, and cleanliness test equipment) shall be of a
tYpe that does not compromise functional integrity by injectin electr~cal
energy to the item(s) being soldered or being cleaned. ?For so derlng Irons,
resistance between items processed and ground shall be no greater than 2.0
ohms measured from the tip of the hot soldering irons. Soldering, cleaning
and processing equipment shall be in accordance with DOO-STD-1686 for electro-

static discharge protection. Potential differences between ground and the
tip of the hot soldering irons shall be no greater than 2 millivolts RMS
measured as detailed in Appendix B or equivalent method.

5.4.14.1 Soldering irons. Soldering irons shall be of the temperature
controlled type. control Iable within ~lO°F (~-5.5°C) of the preselected idling
temperature unless it can be demonstrated to the procuring actlvlt~ ~lldt
uncontrollable irons are essential for a particular appl icat ion. The size and
shape of the soldering iron and tip shall permit soldering with maximum ease
and control without causing damage to adjacent areas or connections. The
soldering iron or resistance heating element shall heat the connection area
rapidly and maintain proper soldering temperature at the connection throughout
the soldering operation. Three-wire coros and tip grounditig to prevent
potential greater than two millivolts l?!lSat the tip shall be used when
~-l+Owi~~- T+r <cld~pinq iro~ shall h~ nf such desion as to provide zero.
voltage switching, Transformer type solderlng guns stlali rlo~ be u>e~.

5.4. 14.2 Solderin~ iron tips. The scldering iron tips or resistance
solderinq element shall be sized to the operations involved. Soldering iren
tips shail be made of commercially pure copper, tellurium copper, or lead

copper and shall be plated or coated with another metal that prevents degrada-
tion of the tip in molten s~lder.

5.4.15 !,lasssolder application systems.

5.4. 15.1 Nave soldering machines. In addition to 4.9.3.6 and 4.9.3.7,
wave s~ldering ~s shal I have the capacity to preheat the assembly to
within lzo”C (216”F) of the solder temperature immediately prior tc contact
with the molten solder.

5.4. 15.3 Soldering equipment for reflow solderinq of pianar mounted
components. The soldering device and machine used shall be of such design tc
rapidly heat the surfaces to be joined and shall have the capacity to
re-attain the preset tern erature within +1O”F (+5.5°C) during repetitive
soldering operations. IT e heat sutircc sfial? nc!~ cause ti?mage tc tlie hoard or
components or contaminate the solder when direct contact is made between thle
heat source and the metals to be joined. Ilefluw s~ldering equipment
(including equipment which utilizes parallel gap resistance, shorted bar

resistance, hot air, infrared, laser powered devices, or thermal transfer

,1-
11,
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soldering techniques other than soldering irons) shall be utilized in accord-
ance with a documented processes which is subject to review and disapproval.

5,4.?5.4 Condensation reflow system. The condensation reflow system
shall be mechanized to provide for smooth transition of the work piece and of
such design to prevent electrostatic discharge damage to components. The non-
flammable, inert, chemically, and thermally stable liquid used to produce the
vapors shall be maintained to produce consistent high quality metallurgical
bonds. The level of vapor in the equipment shall be controlled so that the
dwell time of the work piece is minimal while insuring that the solder and
work piece have reached a temperature sufficient to produce the metallurgical

bonds. Condensation reflow systems shall be utilized in accordance with
documented processes which is subject to review and disapproval

5.4.16 Solder purity. In addition to 4.10.1, when procured, type 6S
solder shall contain no more than 0.01 percent phosphorus and no more than
0.001 percent sulphur.

5.4.17 Preparation for soldering.

5.4. 17.1 Insulation removal. Insulation shall be removed from wire
conductors by one of the fo??owing methods, using the tools specified in
4.11.2. After insulation removal, insulation deformation shall not exceed 20
percent of the insulation thickness. The insulation shall not have gouges,
ragged edges nor he loose or frayed. Slight discoloration of the insulation
from thermal stripping is acceptable. At no time during the solderin process
shall insulation that is degraded from the use of solvents or chemica 7
stripping agents be acceptable. Wires or strands shall not be broken, bird-
caged, severed, nor show evidence of nicks, cuts, scrapes, stretching, or
other observable damage exceeding 5 percent of the wire diameter when viewed
under 4X magnification. Discoloration of the wires or strands that shows
evidence of overheating shall be cause for rejection.

5.4. 17.1.1 Thermal. When extruded insulation is removed using a thermal
stripping tool, t-of the wire shall be restored, if disturbed, without
using hare finger contact. Thermal type insulation strippers are preferred
for wires of size 20 AWG and smaller.

5.4, 17.1.2 Mechanical. When extruded insulation is removed using a
mechanical stripping tool, the lay of the wire strands shall be restored, if
disturbed, without using bare finger contact. A device that utilizes fiber-
glass stripping wheels may be used for magnet wire.

5.4. 17.1.3 Chemical. Insulation removal from magnet wire shall be
accomplished by the use of chemical stripping agents, in accordance with the
manufacturer’s recommendation. Chemical stripping agents shall be neutralized
or removed prior to soldering.

5.4, 17.1.4 Solder di
~ +“

Polyurethane or similar type coatings may be
removed by dipping e Insulated wire to the required depth into a solder pot
(see 4.9.3.5) at the temperature recommended by the manufacturer. Stripping
of solder strippable magnet wire (with polyurethane or similar insulation) on
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the termination of coils and windings wound with such wire may be performed bY
hot solder application in compliance with the wire manufacturers recommenda-
tions.

5.4. 17.2 Preparation of gold plated areas. Areas of connectors and
component leads to be soldered which have more than 0.000100 inches (0.00254
nwn)of gold platin

?
shall be prepared for soldering by implementation of

either of the two 2) following methods:

Method 1. Static bath,

Method 2. Dynamic bath.

Immerse the fluxed gold plated lead in solder
bath number one for 2 to 5 seconds. Only the
portion of the lead subsequently to be soldered
need be inmersed. Gold contamination level in
solder bath number one shall be less than 4

percent. Immerse the fluxed tinned lead in
solder bath number two for 2 to 5 seconds.
Gold contamination in bath number two shall not
exceed the limits specified in table V.

Immerse the fluxed gold plated lead in a
flowing solder bath for 2 to 5 seconds. Only
the portion of the lead to be subsequently
soldered need be immersed. Gold contamination
in the solder bath shall not exceed the limits
of column 1 (Preconditioning) of table V.

5.4. 17.2.1 Cup type connections. The inside portion of cup type connec-
tions shall be tinned in accordance with a or b below:

a. Steps 1 through 6 below shall be performed if solder cups are
not gold plated or are gold plated to a thickness between
0.000050 and 0.000100 inches (0.00127 and 0.00254 mm).

b. Solder cups gold plated in excess of 0.000100 inches (0.00254
mm) shall be tinned in accordance with steps 1 through 7 below.

Step 1: Clean solder cups using a solvent or cleaner spec-
ified in 4.10.4.

stPp 2: Place sufficient solder in the solder cup to
completely fill the solder cup, to the milled lip,
after melting.

Step 3: Heat solder cup sufficiently to melt solder and allow

all gases and flux to escape (cups should be at
approximately a 45 degree angle to prevent entrapment
of gases and flux).

Step 4: Remove solder by wicking or extraction device.

-

-

Step 5: ‘Inspect inside of cup to ensure complete tinning of
solder cup.

.

ii4
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Step 6: Place sufficient solder in the solder cup to allow
proper fillet after wires are inserted into the cup.

Step 7: Repeat steps 3 through 6 one time.

5.4. 17.2.2 Post gold removal processin Upon conclusion of the gold
removal process, the solder coated portion o the component shall conform to
the acceptance criteria of 5.4.4.1 and be maintained in accordance with
5.4.4.3.

5.4.17.3 Lead bends. The distance between the body of the component or
weld and the bent section of a lead shall be in accordance with 4.11.4 thru
4. 11.4,4 or, if applied, the mounting criteria specified in Task B.

5.4.17.4 Stress relief. Components with wires or leads terminated at a
solder connection shall be mounted to assure stress relief of the component in
accordance with 4.11,4 thru 4. 11.4.4 or, if applied, the mounting criteria
specified in Task B. The leads of components mounted horizontally with bodies
in direct contact with the printed wiring assembly shall be formed to assure
that excess solder is not present in the formed bends of the component leads
(see 5.4.21.17).

5.4. 17.5 Lead trimming. Wires and leads shall be cut to their proper
iengtn prior to soldering. When “leads are cut after insertion in the printed
wiring board, the cutting action shall not damage the ~rinted wiring board or
components mounted thereon. When automatic lead cutting is performed, a
mfi!ntenance program shall be implemented to provide assurance that blades or
saws are monitored for wear, and that the feed system is calibrated to match
the needs of the materials and density of leads being cut. Cutting shall not
bend the lead nor leave sharp spurs on lead ends.

5.4. 17.6 Tinning of stranded wire. Stranded wire portions which come in
contact with the area to be soldered shall be tinned with molten solder prior
to attachments. Damacje to the insulation due to wicking shall not be acce t-
able. fThe solder shall penetrate to the inner strands of the wire and sha 1
exh,ibit acceptable wetting over the ent.irP t:inned portion of the wire. The

contour of the individual strands shall remain visible in the tinned portion
of the wire.

5.4. 17,7 Precleaning
+“

Items shall be clean prior to soldering or
bonding. The so vents o 4.10.4 shall be used for cleaning.

5.4.18 Handling and storage of parts. Leads and to-be-soldered surfaces
of comncnent wires and ~r lnted wlrlng boards shall not be handled with bare
hands.’ If the parts cannot be handl;cl without touching the surface to be
soldered, protective devices such as clean nylon or cotton gloves, finger
cots, or special tooling shall be used.

CAUTION: Finger cots and nylon gloves should not degrade electrostatic
discharge protection as defined in DOD-STD-1686.

NOTE : Printed wiring boards shculd be oven dried prior to being used in
ary $!)ld(?t-ilqp~:)cf)s:‘n prevpnt dpfectg 51.IC$2.$ 17P(2rlCIT,crazing

and delamination.
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5.4.19 Post soldering operations. -

5.4. 19.1 Cleanin
+;s

Connections to terminals, printed wiring assemblies,
terminal board assem soldered chassis elements, and electrical/elec-
tronic modules shall be c~eaned using a solvent, cleaner or combination of
solvents (see 4.10.4) within a time frame that affords total removal of con-
taminants and flux residue. The time between solidification of the solder and
assembly cleaning shall not exceed 30 minutes except for the hand soldered
connections of operations requiring the adding of additional components during

E
reduction, rework, or repair with interim cleaning (at the work station)
eing accomplished. When interim cleaning is used, some flux residues may

remain longer than 30 minutes, provided the contractor has demonstrated that
the final cleaning process used results in removal of all flux and contami-
nants from the finished product, and removal of flux residues is accomplished
prior to the end of the production shift using a system as defined below.
Printed wiring assemblies, terminal board assemblies to which electrical
components are added, and electrical/electronic modules shall be cleaned in a
manner that will prevent both thermal shock to the assemblies, modules, or
components thereon or therein and moisture intrusion into components not

totally sealed. The cleaning of printed wiring assemblies, terminal board
assemblies to which electrical components are added, and electrical/electronic
modules shall be accompl ished with a cleaning system in accordance with
5.4.19.1.1, 5.4.19.1.2, 5.4.19.1.3, or 5.4. 19.1.4 or combination thereof
except for interim cleaning as previously defined.

5.4. 19.1.1 Dip tanks. Printed wiring assemblies, terminal board
assembl ies, soldered chassis elements, and electrica l~electronic modules snail
be subjected to three separate cleaning baths each of which contain a solvent

or blend of solvents (see 4.10.4) identical to that in the other two.
Immersion time in each tank shall not exceed 60 seconds. The assembly, after
cleaning, shall be capable of meeting the requirements of 4.18 or 5.4.19.7.
Tank 3 shall be the final solvent of the cleaning process and the contamina-

tion content shall not exceed the value calculated and posted at the cleaning
stat ion. The solvents in the tanks shall be changed as follows: the solvent in
tank 1 shall be discarded; the solvent in tank 2 may be placed in tank 1; the
solvent in tank 3 may be placed in tank ~ and fresh solvent shall be placed in

tank 3.

a.

b.

Use of a clean brush is permissible.

The printed wirinq assembly shall be air dried after cleaning,
using ambient air-or compressed air which is ~il-free and has a
moisture content less than 2500 ppm measured lt room ambient
temperature. Air pressure up to 40 pounds per square inch
gauge (psi ) (276 kPa) may be used, provided it does not damage

?the assemb y.

5.4. 19.1.2 Vapor decreasing. Use of vapor decreasing for cleaning
printed wiring assemblies, terminal board assemblies, soldered chassis
elements, and electrical/electronic modules is permissible provided that

solvents are in accordance with 4.10.4 and compatible with the particular
vapor degreaser util ized. The assembly, after cleaning, shall be capable of
meeting the requirements of 4.18 or 5.4.19.7. The contamination of the

.-



MIL-STD-2000

solvent in the boiling sump of the degreaser shall not exceed the value
calculated and posted at the cleaning station.

5.4. 19.1.3 Detergent cleaninq. The use of a detergent or saponifying
cleaning system is permisslbl e for cleaning printed wiring assemblies,
terminal board assemblies, soldered chassis elements, and electrical/ elec-
tronic modules provided that solvents are in accordance with 4.10.4. The
assembly, after cleaning, shall be capable of meeting the requirements of 4.18
or 5.4.19.7. The contamination of the cleaner solution in the system shall be
calculated in percent by weight and shall not exceed the posted value.

5.4. 19.1.4 Ultrasonic cleaninq. The use of ultrasonic cleaning devices
on components, printed wiring assemblies, terminal board assemblies, soldered
chassis e~ements, and electrica ltelectronic modules is prohibited except for
assembl ies containing only terminals or connectors without internal elec-
tronics. Ultrasonic cleaning may be used on bare printed wiring boards. The
assembly, after cleaning, shall be capable of meeting the requirements of 4.18
or 5.4.19.7. The contamination of the solvent in the system shall not exceed
the value calculated and posted at the cleaning station.

5.4. 19.2 Initial inspection. After soldering and cleaning, each item
shall be inspected in accordance with 5.4.20.

5.4. 19.3 Rework of unsatisfactory solder connections. Rework operations
shall be performed only by appropriately trained and certified personnel.
l?ework of unsatisfactory solder connections shall not be performed until
discrepancies have been documented. This data shall be used to provide an
indication as to possible causes and to determine if corrective actions are
required in accordance with 5.4.20.4. Personnel shall not inspect their own
work.

5.4. 19.3.1 Methods for rework by hand soldering.

5.4. 19.3.1.1 Reheat method of rework. Mhen rework is required, it may
be accomplished by add” fng Iux and solder, if necessary, for the following

types of defects:

a.

b.

c.

do

e.

f.

9.

h,

Nonsoldered connections.

Cold solder connections.

Fractured or disturbed connections.

Insufficient solder.

Poor wetting.

Pits, holes, or voids in connection.

Visible basis metal in solder connection.

Solder points, peaks, or icicles.
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5.4. 19.3.1.2 Resolder method of rework. When rework is required>
defective solder connections and other detects which cannot be corrected in
accordance with 5.4.19.3.1.1 shall be reworked by first removing the solder by
a vacuum device or wicking and then cleaning and resoldering the connection.

CAUTION: Extreme care should be exercised when wicking solder out of
plated-through hole.

5.4. 19.3.2 Machine resolder method of rework. Assemblies which are
initially soldered by machine solder~ng and which contain defective solder
connections, may be resoldered/reworked in accordance with 5.4. 19.3.1 or by
passing them through the same machine soldering process, with process control
corrections, a single time to reflow all connections.

5.4.19.4 Post rework cleaning. After rework, printed wiring assemblies
shall be cleaned in accordance with 5.4. 19.1 and tested in accordance with
4.18.

5.4.19.5 Handling and storage after clean inq. After final cleaning, and
prior to application of conformal coating or encapsulation, unfinished printed
wiring assembles shall not be handled in a manner such that areas to be
conformably coated or encapsulated come in contact with bare hands or visibly
contaminated tools. Such assemblies shall be stored and processed in a
controlled environment (see paragraph 5.4.9.1).

5.4. ?9.6 Visual inspection of reworked defects. Each reworked defect
including each resold ered or reheated connection shall be reinspected in
accordance with 5.4.20 and 5.4.20,4 and shall conform to the acceptance
criteria of 4.19 and 5.4.21. Assemblies which have been reworked in accord- -

ante with 5.4, 19.3 thru 5.4. 19.3.2 shall be completely reinspected for defects
in accordance with 5.4.20.4.

5.4. 19.7 Cleanliness testing prior to conformal coating or encapsula-
tion. Printed wiring assemblies, terminal board assemblies, soldered chassis
FEi7ients, and electrical/electronic modules shall be tested for ionic con-
tamination in accordance with 4.18 using MIL-STD-105 immediately prior to
conformal coating or encapsulation. If any assembly fails the entire lot
shall be recleaned and retested.

5.4. 19.8 Conformal coating process. To facilitate the removal of
defective components, the printed wiring assembly should be functionally
tested prior to the conformal coating or any encapsulation process.

5.4. 19.9 Conformal coating. Conformal coating requirements for printed
wiring assemblies shall be specified on the assembly drawing. When used,
conformal coating shall conform to MIL-I-46058 and 5.4. 19.9.1 through
5.4.19.9.8, below. The coating shall be applied to both sides of the printed
wiring assemblies using either a brush, dip, spray or vacuum deposition system
which is suitable to the particular assembly. Edge coating is optional unless
otherwise specified on the assembly drawing.
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5.4.19.9.1 Conformal coating application. Conformal coating material
shall be as speci~led on he Government approved assembly drawing. The
material specification and manufacturer’s instructions, as applicable, shall
be followed and the material shall be used within the time period specified
(both shelf-life and pot life). The coating shall be a minimum thickness (see
5.4.19.9.5) and fillets shall be kept to a minimum consistent with the size,
weight, and mounting provisions of the components. A continuous coating shall
be applied to both sides of the printed wiring assembly, using either a brush,

dip, spray or vacuum deposition method which is suitable to the particular
assembly and within the following criteria (see paragra hs 5.4.?9.9.2 through
5.4.19.9.8). 7The coating shall be applied without bubb es, blisters, or
breaks which might affect the printed wiring assembly operations, or sealing
properties of the conformal coat’ing.

5.4.19.9,2 Conformal coating on adjustable components. Assemblies
having adjustable components shall not have the adjustab le portion covered
with the coating. Shafts of adjustable components shall be adjusted and
sealed in accordance with 5.4.19.10.2.

5.4. ?9.9.3 Conformal coating on connectors. Mating connector surfaces

of printed wiring assemblies shall not be coated with the conformal coating.
The conformal coating or additional material specified on the assembly drawing
snail, however”, 2 ccnnector and bo~rd and around allprovide a seal Let,;een t,e
mounting devices of the connector.

5.4, 19.9.4 Conformal coating on brackets. Printed wiring assemblies
having brackets or other mounting devices shafl not have the mating surfaces
of said devices coated with conformal coating unless required on the assembly
drawing. However, the junction between these devices and the board and all
attaching hardware shall be coated with conformal coating or additional
sealant material specified on the assembly drawing to provide a seal between
the mounting device and the board.

5.4. 19.9.5 Conformal coating thickness. The coating thickness for the
type of conformal coating used shall be in accordance with MIL-I-46058 or as
specified on the assembly drawing, The thickness shall be measured on a flat,
unencumbered, cured surface of the printed wiring assembly or a coupon which
has been processed with the assembly. Coupons may be of the same type
material as the printed wiring board or may be of a nonporous material such as
metal or glass.

5.4. 19.9.6 Conformal coating on flexible leads. Components which are
electrically connected to the printed wiring assemb~y by flexible leads shall
have, as a minimum, the junction of the leads with the components and the
printed wiring assembly coated.

5.4. 19.9.7 Perimeter coating. Unless otherwise specified on the govern-
ment approved assembly drawing, the outer perimeter of printed wiring
assemblies shall not be increased in total thickness, by more than .040 inch
(1.02 mm) as a result of conformal coating. The “outer perillleter” is defined
as the area on each side{of the board a distance of not more than 1/4 inch
(6.35 mm) inward from the outer edge.
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5.4.19.9.8 Ed e coatin
-+---++”

Unless otherwise specified on the government
approved assembly rawlng, e dimensions of the printed wiring assemblies
shall not be increased in length or width by more than 0.030 inch (0.762 mm)
on each edge, total 0.060 inch (1.524 mm), by application of conformal coating.

5.4.19.10 Adjustable components.

5.4.19.10.1 Adjustment, Adjustable components which incorporate
integral adjustment locking mechanisms may be adjusted and locked prior to
conformal coating. All other adjustable components shall be adjusted and
staked after the assembly has been conformably coated.

5.4. 19.1o.2 Stakinq Of adjustable components. After post-encapsulation
adjustment, the external shafts of adjustable components which do not
incorporate integral locking rnecha~isms s4.all he mechanically staked or sealed
with pthalic alkyd resin enamel in accordance with MIL-E-22118. The sealant
shall be used unth inned and only enough material to make the seal should be
used.

5.4.19.11 Rework of conformal coating. Procedures which describe the
removal and replacement of conformal coating or encapsulation shall be
documented and available for review.

Z.4.2CJ :::2pe::”:n, ‘h: Ccr?’’?rt:r ~b~ll hp r~:pep:,i~le for CoofCIrmanrP
to the product and process requirements specified in this standard and shall
also perform all process and product inspections and tests required by this

standard either directly or by subcontract. The contractor may use his own or
any other facilities suitable for the performance of the inspection require-
ments specified herein unless such other facilities are disapproved by the

Government. The Government reserves the right to perform an audit or survey
addressed to any requirements set forth herein when sucn an audit is deemed
necessary to assure that the SU~pl ies and services conform to the prescribed
requ irements. The contractor shall prepare and maintain process control
procedures for all processes, inspections and tests required in the series of
standards. These procedures shall provide sufficient detail to allow
accompl ishmt?nt by personnel of the appropriate skill level. They shall also
delineate the accept/reject criteria and any special inspection requirements.

5.4.20.1 Surveillance. A surveillance program shall be conducted to
determine that compliance with the requirements herein are being ma;ntd ined
and tc observe the cu~,trol cnd dispo: ition (f noncccformir?q nater ial. This
includes periodic inspection of the work area, tools, mate~ials, procedures
and processes.

5.4.20.2 inspection of tools and equipment. Tools and equipment shall
be insDected for conformance to the a~~llcabl e requirements contained herein.

--

Jn add’it ion, heat sources, soldering ‘irons, solder pots, and process equipment
shall he tested in accordance with 5.4.20.2.1, 5.4.’20.2 .2, 5.4.20.2.3 and
5.4.20.2.4, respectively. Users should check hand tools daily for proper
operation and cleanliness.



IIIL-STD-2000

\

L

5.4.20.2.1 Heat sources tests. Heat sources shall be checked by the
operator daily to ensure proper operation, heat range, and overall main-
tenance. The heat range may be checked by performance in lieu of taking
actual temperature measurements. Nozzles, air deflectors and adapters, input
power cords, and plugs on cords shall be examined and there shall be no
condition that could cause damage to items to be processed,

5.4.20.2.2 Soldering irons. Soldering irons shall be tested subsequent
to receipt after purchase and prior to issue for soldering operations and
shall meet hysical and functional characteristics in accordance with 5.4.14

Yand 5.4.14. . Soldering irons in use shall be tested at periodic intervals as
defined in 5.4.20.2.2.2 and 5.4.20.2.2.3. When not retained in stores, each
soldering iron shall be examined in accordance with 5 .4.20.2.2.1 prior to use
during any day the iron is in use. If repaired or modified, soldering irons
shall be retested and sha?l conform to all requirements of 5.4.14 and 5.4. ?4.1
before the iron is utilized for production use.

5.4.20.2.2.1 Daily check by operator. The following shall be performed
daily by the operator. Before the iron is energized, the handles, input power
~n~~ , power cord plug, and other elements shall be examined for physical
damage. Therr shal! br no conditions tFat CQLJ15 Tesult. in defective
connections and in damage to components and other items to be soldered. Tips

and heating elements shall be examined and there shall be no oxidation,
Lor”rus iurl, OI- fOr’&iCJt_l mater idls tl~at restricts cr impedes mating between t i:
and heating element or heating element and iron. Irons and tips shall be
Qxamined for compatibil it-vwith the soldering operations to be performed. The
s ize and shape sha 11 he in accordance with 5.4.14.1, operators shall ensure
the proper operation and performance of heated irons.

5,4.70.2.7,2 ouarter-yedr tests. The following tests shall be performed
quarterly. The intervals shall be shortened as required to assure continued
conformance with the specified requirements as evidenced by the results of
preceding periodic measurement tests and may be lengthened only when the
results of such prior periodic tests provide definite indication that such
action will not result in use of out-of-conformance irons. Tip-to-ground
resistance shall be measured and shall conform tn 5.4.14 and 5.4.14.1. The
tip temperature of non-adjustable temperature-controlled irons shall be
medsured and shall be with in +lOCF (+5.5<’C) of the r~ted ( idl ~cg) temperature
(see 5.4.14.1). The tip temp~rature–of adjustable temperature-controlled
irons shall be measured, as a minimum, at three separate pre-selected tip
temperatures with one each at a low, middle, and high temperature in the
adjustable range of the iron. The tip temperature shall be ‘within +IO”F
(+5.50C) at each of the three preselected temperatures.

5.4.20.2.2.3 Semi-annual tests. The following tests shall be performed
semi-annually. The intervals sha]l be shortened as required to assure
continued c~nformancp with the specified requirements as evidenced by the

results of preceding periodic measurement tests and may be lengthened only
when the results of such prior periodic tests provide definite indication that
such action will not result in use of out-of-conformance irons. Soldering
irons shall be tested for potential differences between tip and ground and the
difference shall be no greater than as specified in 5 ,4.14.1 when measured as
s~ecif ied in 5.4.14.
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5.4.20.2.3 Solder pot tests. Stand-alone solder pots and solder pots
integral to machine sold erlng systems shall be tested subsequent to purchase
and receipt of the pot or machine and prior to initial use in soldering opera-
tions (including tinning and solderability testing). The ots shall conform
to 5.4.14 and 5.4. 14.4 when tested. !Stand-alone solder po s and those
integral to machine soldering systems shall be tested at 6-month intervals for

~
ot solder-to-ground resistance (see 5.4.14), for solder temperature (see
.4.14.4), and for electrical potential difference between pot solder and

ground (see 5.4.14). The 6-month intervals shall be shortened as required to
assure continued conformance with specified requirements as evidenced by the
results of preceding periodic tests and may be lengthened only when the
results of such previous periodic tests provide a definite indication that
such action will not result in use of out-of-conformance pots. Solder pots
shall also be examined daily for overall maintenance. The input power cord,
the input power plug, connections to terminal lugs (if any), and other
physical attributes of the pot shall be examined. There shall be no condition
that could result in damage to work in process.

-

5.4.20.2.4 Process equipment. Process equipment shall be tested sub-
sequent to purchase and receipt and prior to initial production use and shall
conform to requirements of 5.4.14, Except for tests of integral solder pots,
process equipment shall be tested annually to assure that resistance between
any item to be processed and ground is no greater than specified, that
electrostatic discharge protection is as specified in 5.4,14, and thdt
potential difference between items to be processed and ground is no greater
than specified in 5.4.14. The interval between tests shall be shortened from
annual to a shorter span as required to assure continued conformance with

specified requirements as evidenced by the results of preceding periodic tests
-

and may be lengthened only when the results of such preceding periodic tests
provlcle a definite indication that such lengthening will not result in use of
out-of-conformance process equipment.

5.4.20.3 Inspection of material. All materials listed in 4.10 shall be
insDected for compliance with the requirements of 4.10.1 throuqh 4.1O.4.4.
Material controlsr shall be implemented to ensure that only con~orming
materials, tools and equipment are used. Materials, tools and equipment not
conforming or not required for the operations involved shall be removed from
the work area.

5.4.20.3.1 Inspection of printed wiring boards. Printed wiring board
shall be inspected and tested for conformance to 4.5
5.4.6.

as modified by 5.4.5 and
sampling inspection shall be as delineated in MIL-P-5511O or

MIL-F-50884, respectively.

5.4.20.3.2 Inspection records. Accurate records shall be kept which
provide evidence that the materials and tools are either listed on a Qualified
Parts List (QPL) or that sufficient testing has been performed to satisfy the
requirements of the appl icable material specification and any additional
requirements specified herein.

5.4.20.4 Inspection of soldered connections and assemhii es. Assemblies
which include soldered connections shall be Inspected to assure conformance in
accordance with 5.4.3 The contractor shall implement a system of process
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control to monitor the soldering process and determine defect/process
indicator rates using 100% inspection prior to any touchup and/or rework.
Statistical sampling may be used in lieu of 100% inspection when done as part
of a process control system approved by the procuring activity. Effective
monitoring and control of the process shall be maintained using a closed
loop corrective action system. Corrective actions shall be implemented to
reduce Level A defects or when the total of Level B process indicators exceeds
3%. Problems identified shall be escalated to plant management when
corrective action has not produced the desired result within thirty (30)
days. Continuous process improvement techniques shall be used to ensure
continuing effort to reduce defect rates and variance. The process control
system shall be documented and available for review.

5.4.20.4.1 Defect rates and variance. Each variance from the require-
ments of 4.19 and 5.4.21 shall be documented, prior to any rework or repair
action, as either:

a. A soldering or assembly defect (Table XI Level A), or,

b, A process indicator (Table Xl Level B).

Defect and process indicator rates shall be calculated in accordance with
5.4.20.4.2.

5.4.20.4. 1.1 Reworkable defects. After inspection and documentation,
reworkable defects shall be returned to the proper area for rework per para-
graph 5.4.19.3, testing, if required, and reinspection.

5.4.20.4.1.2 Non-reworkable defects. Non-reworkable defects shall be—
disposit ioned as nor(-conforming material in accordance with contractual
requirements.

5.4,20,4.2 Defect rate and variance calculation. The defect rate (see
5.4.20.4.1) is the number of observed defects divided by the normalizing
number. The assembly defect rate and solder defect rate shall be calculated
and documented each time inspection, in accordance with 5,4 .20.4 or 5.4.19.6,
is performed. Assembly defect rates and solder defect rates are sepa~ately
calculated as fol~ows:

a. The assembly defect rate shall be calculated by dividing the
assembly defects observed ( including table XI defects) by the
normal izing number. The normalizing number for assembly
defects shall be the total of the number of components, cOm-
ponent leads, terminals and wires contained or! the assembly
plus one for the printed wiring board.

b. The solder defect rate shall be calculated by d!viding the

solder defects observed (including table XI defects) by the
normalizing number. The normalizing number for solder defects
shall be the total number of terminals plus the total number of
solder connections (for plated-through-hole printed wiring
boards, the top and bottom connection is ONE integral connec-
:;I:n)cn th~ as>mhly, FOY’ ralc~il~t inq hand <older defect
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No.

A101
AI02
A103
AI04
A 105
A106
A107
A108
A109
P,llo

Alll
A112
A113
A,114
A115
A116
A117
Al18
AI19
A120
A?21

NO.

A130

A131
A132

rates, only hand soldered connections shall be counted. For
calculating machine solder defect rates, only machine soldered
connections shall be counted. No connection shall be counted
twice.

c. The assembly and solder defect rates shall be calculated and
documented for each assembly. In addition, the summation of
each defect rate shall be calculated and documented each
working day for all assemblies inspected that day. Defect rate
documentation and data shall be made available to the
Government.

TABLE XI. Defects and process indicators.

Level A
Soldering Defects

*

Nonsoldered connections
Bridging
Rosin connection
Cold solder joint
Fractured or disturbed
Insufficient solder
Excessive solder, lead not d
Poor wetting
Solder splattering
Pits, pinholes, holes, or vo
or ~inhole cannot be seen)

scernible

ds (where the bottom of the void, pit,

(No defect for this code at this time
Dewetting of solder connection area(s
(No defect for this code at this time
Solder points, peaks, or icicles
Flux residue, oils, greases on assemb”
Improper tinning of stranded wire
Overheated solder

Y

(

Unfilled plated-through hole (when fill is required by drawing)
Contaminants in solder connection
Excess solder in bend radius
All other solder defects except those listed as Level B process
ind icators

Level A
Assemmfects

Improper transmission of stress of leads and wires (improper stress
rel ief)
Metal-cased components mounted ever circuit path (not insulated)
Uninsulated wires or component leads routed over the circuit patn
whprp shr)l-ti~q is i)ossible.

I
I
I
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A133

A134
A135
A136
A137

A138
A139
A140
A141
A142

TAE?LE XI. Defects and process indicators (continued).

Charring, burning, or damage to insulation (affectin9 @lectrical
operation)
Birdcaged wire
Cut or nicked leads or wires
Leads or wires scraped, exposin metal or stretched
Lead clinched beyond allowable i’imits (electrical clearance
insufficient)
Excessive lead length (electrical clearance insufficient)
Insufficient lead length
Excessive wicking
Improper insulation clearance
Excessive terminal fill

Level A
Assemmects

1
No.

A143
A144
A1L15

A146
A147
A148,
/\149

A150

A151

A15?
A153
A154
A155
A156
A157
A158
A159
/\,16~

Improper lead bend radius
Improper lead bend clearance
Ilnclinched components where clinching is required
Component haS improper ciedr’iillct’LU dUJdLeIIi LLIIiipGr;c:It:
Component has improper clearance above tliePNE
Ccmpcnent not sufficiently supported
Glass-cased COM~JOnentS not protected by buffer material when epoxy
conformal coating is used
Component less than 1/16 inch (1.6 mm) to edge of PWB causing
interference
Component obscures termination or another component (unless design
dictates otherwise)
Phvs ical damaue of components
Improper vertical mounted component clearance
Improper terminal swaging
Leads cut after final soldering
Wrong parts used
Wrong orientation of polarized components
Component improperly spaced or located
Damage to wire or strands
All other assembly defects except those listed as Level 3 prucess
ind icators

Level A

Solderin , Assembl~

I
I

Solderinq and Assembly Defects of Printed Hiring and Printed Wiring
Boards

Pattern delaminated (after soldering)
Burned, scorched PW13 or parts



A182
A183
A184
A185
A186

A190
A191
A192

:;,;:
B212
13?13

B214
B215
137’16

B~17

B?la

‘B?l~
‘rl

.,,.n
c1.1..
pp:~l

I
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TABLE XI. Defects and process indicators (continued).

Excessive warp or twist (after soldering)
(No defect for this code at this time)
Delamination of base material
Separation of conductor pattern
All other printed wiring and printed wiring boards defects except
those listed as Level B process indicators

Printed Wiring and Printed Wiring 130ards Defects (prior to solder.—

Excessive warp or twist
Laminate scratches which expose fiber
Blisters in conductor pattern
Wrinkles in conductor pattern

Improper hole size

Circuit defects which reduce cross sectional area by greater than
Improper solder coating
Slivers on circuit
All other prirlted wiririg and printed wiring boards defects ~xcept.
those “1Isted as Level E urocess indicators

ncJ_)

20%

—...-—.. .—---—-. --— ....—

Level B
Process’ Iild’”i”cdtors

Charring, burning or damage to insulation (not affecting electrical
operation)

7.
~~1”’dfl(i~d W : (“L , ;\J’ d istJrbe2S ~k~ith ‘)c strand :Cpar??. ;f!l’)

Leads or wires scraped nut exposing basis metal
lnsuff icient or no lead c7 inch (n:n plated-throu~t”t ‘ncles:l
Excess iv? leed length (electrical cl~arance sufflrient)
Improper lead wrap on terminals
Component not resting on feet, pads or projections
Cotnponert mark iras rot legible with correct component inst~l led
~c,moon~nt ~ct ~~~n~pcj peroendiculal-l,y

ng after

bdsis metal or

Pit.<, pinholes, hG-es, Jr Vc,ijs (bcttom of th$ ‘JCIC! ViSlt!t(? <lR(I trPP

of residues)
Dewetting on PUB conductor paths (areas which are not part of a

solder joint) ~
Solder not smooth tind shin
I.if’ {‘:;ll?:~J:l:iltcr!.t!’r::[;g? ho f’
!(~i?.tli~c ~~ :r:i;:irlq.,

I

I

.
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5.4.21 Workmanship

+’
In addition to the visual appearance of solder

connections (see the workmanship criteria shall be in accordance with
5.4.21.1 through 5,4.21.19.

NOTE : Paragraphs 5.4.21 through 5.4.21.15 are intended to be final
assembly requirements. All printed wiring, however, should be
inspected prior to processing to ensure the printed wiring to be
incorporated into assemblies meets both the final assembly
requirements of 4,19 and 5.4.21 through 5.4.21.15 below, and the
printed wiring requirements of 4.5.

5.4.21.1 The conductive pattern on printed wiring or the exposed copper
on solder masked printed wiring shall either be solder coated or coated with a
tin-lead plating which has been reflowed. Reflowed tin-lead plating on
printed wiring shall have a smooth, bright appearance and shall be fused to
the base metal. Vertical edges of conductors need not be covered.

5.4.21.2 Conductors and termination areas shall not be cut, notched,
etched, abraded, scored or otherwise reduced by more than 20 percent of the
width or thickness. Cuts, scores and abrasions shall not. be acceptable if
basis metal is exposed.

5.4.21.? conductors and termination areas (including terminal pads)

shall not be separated either part ia?ly or totally from the board surface.

5.4.21.4 Solder mask, Solder mask shall be continuous in all areas
designated to be covered. T1-tereshall be no chipping or fracturir,g of solder
mask nor shall there be separation of the solder mask from laminate or
metallic foil. The solder mask shall not cover materials foreign to the
laminate or foil. Adherence between solder mask and laminate a~d between
solder mask and foil shall be complete for the total area. Transmissibility
and opacity of the solder mask shall allow for inspection of underlying board
characteristics. Permanent sc~der mask shall Pot tent empty plated-through
ho

si
so
cl

es. Temporary solder masking materials, if used, must be removed.

5,4.21.5 Printed wiring, boards, and assemblies shall be free of grease,
icones, tlI.lxresidms, and other contaminants, including dirt., chips,
cler spatter and splats (including solder balls), insulation resiaue> wire
ppirtgs, and both ionic and non ionic foreign matter.

5.4.21.6 The conductor pattern of ricjid, rigid-flex, or flexible printed
wiring assembl ies nor the parts mounted thereon shall have no combination of
edge roughness, nicks, pinholes, and scratches exposing basis metal which
reduces the conductor width more than 20 percent of the minimum specified on

the assembly drawing for each conductor width. There shall be no occurrence
greater than (?,50 inch (12.7 mm) in a conductor length. ‘he conductor pattern
shall have no tears or cracks.

S.4.21.7 The weave of glass laminates shall not be exposed on either
surface.

“127
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5.4.21.9 Neither rigid, rigid-flex, or flexible printed wirin9
assemblies shall be bl istered, haloed, or delaminated, nor shall the
assemblies include any measling which exceeds a, b, or c, below. The printed
wiring board assembly Or flexible printed wirin

?
assembly shall include no

measled area which exceeds a, b, or c, below. or the purpose of this
document, the term “measled area” means all measles, crazing or a c~mbinati~n
thereof included within any given area.

a. All measling, crazing or combination thereof contained in a
given measled area shall be totally enclosed within a super-
imposed square measuring 1/4 inch by 1/4 inch (6.4 x 6.4 mm)
(see figure 107).

FIGLJRE 107. Maximum measled or crazed area (see 5.4.21.9a).

b. The sum of the measled areas, crazes or combination thereof, on -

both sides of the PWB shall not exceed three percent of the
total area of one side of the board. Each measled area shall
be the area enclosed by an irnagin~r I line around all meaSleS

{within 1/3 inct, (3.2 r.rn)of each ot ]er (Fee figure 108).
Measles less than 1/8 inch x 1/8 inch (3.2 x 3.2 mm) area shali

be summed as being 1/8 inch x 1/8 inch (3.2 x 3.2 mm). ~he
percentage of measled area shall be the sum of the measied
areas on both sides of the printed wiring board, divided by ~hc
tOta~ area of one side Gf the printed wiring l)OarC M:!lt iplied
by 100.

ii B ~

FIGURE 108. Examples of determining measled surface areas (see 5.4.21 .9b).
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c, When rneasled areas lie between condl]ctors, the actual conductor

L

spacing shall be reduced no more than 50 percent (see fiqure
109)0

A.ACCEPTABLE
J
>50%

<50%

}

“---i
—.7T, !

J

> 50Y*

> 50”/.

— >50% B.ACCEPTABLE

I
C,ACCEPTABLE

n
------> Jo~.

— +l%Jl
,1 .—-> ~() ●/,,

t~-c
...

<50”/.
< , ~,:,

<

,.
ii

- ->50% — 1- >50”/.

[;l.!NA:;(UFPIAbLE E.UNACCEPTABLE

FIG!JRE 109. MeaSled areas between conductors (see 5.4.2? .9c).

5.4.21.10 Terminals, wrapposts, and connector pins shall be approx-
imately perpendicular with respect to headers, printed wiring boards, panels
or chassis members unless tolerances are specified on applicable drawings.
?errninals, wrapposts, and connector pins shall not be bent or otherwise
deformed.

5.4.21 .11.1 Hand soldered assemblies. Holes shall be

5,4,2~,lT.p Machine soldered assemb: ies. qoles mav be

eft unsoldered.

either left
unsoldered, or contain a solder plug that is not only co~tinuous from one side
of the printed wiring board to the other but also extends onto each terminal

area. The solidified solder may be depressed on each or either side of the
printed wiring board, but total depression shall not exceed 25 percent of the

hc)le depth (d) (act.udl me~surernent not. reuu ired except for- referee purpOSeS)
as measured from the surface of the terminal area(s) (see figures II(IA and

I1OB). When the unfilled hole option is used, the process must be designed to
preclude the empty holes(s) being partially solder filled. Permanent solder
mask shall not tent empty plated-through holes. Temporary solder masking
materials, if used to pr’event solder fill, must be removed from unfilled holes
prior to final cleaning. Partially filled holes are not acceptable.
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7
.4.21 .11.3 A lated-through hole used for lead or w

[be so der filled suc that the solidified solder is not on’

one side of the printed wiring assembly to the other but a’
terminal areas on each side of the r)rinted wirinq assemblv

re attachl~ient shall w
y continuous from
so extends onto the
(see figure 11OC).

Solder mav be de~ressed on the comt);nent side of-the lead-attachment.
connection provided that wetting to both the lead and the terminal areas is
acce table. No depression

7
of solder in a plated-through-hole with ~ part lead

shal exceed 10 percent of the hole depth as measured from the surface of the

terminal area (actual measurement not required except for referee purposes)
(see figure 11OD).

f-
BASE MATERIAL

Lb I II
-J +1 b0,005 INCH MIN

PLATEO-ON-METAL (0.lZ7mm)

T~T&- DEpRE~~\oN.(j+bS20°/o OFd

ACCEPTABLE (MINIMUM)
SOLDER PLUG

A

PREFERRED
c

1 SOLDER

I
* +
! 1

-
TYPICAL SOLDER PLUG

B

‘O’’”l(’7

ACCEPTABLE (MINIMUM)
D

FIGURE 110. Plated-throuqh hcle interracial and interlayer
connect Ions (see 5.4.21.11.2 and 5.4.21.11.3).
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5,4.21.12 Insulation on wires and wiring shall be free of unspecified
cuts and shall not be burned, charred, or abraded. Insulation shall not be
pinched, shaved, cold flowed or otherwise reduced in thickness such that the
insulation resistance or dielectric strength is degraded to a level less than
specified for the insulation.

5.4.21.13 No wire or wires shall be routed in a manner which permits
physical damage resulting from heat, sharp edges, or abrasion.

5,4.21.14 Wires or stands shall not be broken, birdcaged, severed, nor
show evidence of nicks, cuts, scrapes, stretching, or other observable damage
exceeding 5 percent of the wire diameter when viewed under 4X magnification.
Discoloration of the wires or strands that shows evidence of overheating shall
be cause for rejection.

5.4.2? .15 Wicking under the insulation of stranded wire soldered to a

L

termina; area is permissible provided that:

a. the insulation is of a type which can w
temperatures;

b. the length of wicking does not exceed 2
inch (3.2 mm) whichever is greater;

thstand soldering

wire diameters or 118

c. the application does not require that the wicked portion of
wire under the insulation be bent; and

d. the criteria for wicking is not otherwise specified for the
particular application on applicable drawings.

5.4.21.16 Stress relief provisions for axial-leaded components. The
leads of components mounted horizontally with bodjes In direct contact with

the printed wiring assembly shall be formed to assure that excess solder is
not present in the formed bends of the component leads (figure 111). Solder
may be present in the formed bends of axial-leaded components provided that it
is a res~lt of normal lead interface wettinq actions and that the topside bend
radius is discernible. Solder climb (wetti~q) on the lead shall not extend
beyond the outer diameter of the surf~ce PWB pads. Solder alsc shall not
ext~nd close~ than 1 lead diameter from the component body.

--

,,:.
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sf)LDER WETTING

EAL

-

-

~ NOT ACCEPTABLE

B

<Id LEAD

T
SOLDER 1S<1 I LEAD
DIAMETER FROM THE
COMPONENT BODY

,,

I

NOT ACCEPTABLE

c
FIGUR,E 111. Snld~r in the lead bend radius {see 5.4.21.16).—.. —

12.?
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5.4.21.17 Acceptal~ce criteria for surface mounted comP~}i~nt~.

5.4.21 .17.1 The body of the component shall not be cracked, scored,

chipped, broken, or otherwise damaged.

5,4 .21.17.2 There shall be no discernible d iscontinu ities in the solder

coverage of terminal areas of components of the reflow configuration. Solder
shall not encase any nonmetallized portion of the body of a component of the
reflow configuration.

5.4.21.17.3 The appearance of the solder joint surface shall be smooth,
nonporous, and noncrystall ine and shall have a finish which may vary from
satin to bright. There shall be no d iscontinuities exceeding that permitted
under 5.4.7.3 nor hairline fractures, cracks, or dewetting.

5.4.21 .17.4 There shall be no visible evidence of contamination of the
solder such as flux residue, grease, foreign material or discoloratiorl.

5.4.21 .17.5 Solder shall cover and blend smoothly to the complete
substrate land or printed board terminal area and shall fillet t.o and blend
smoothly with the meta;lized efid cap as shown in figure 112A. ~t is preferred
that solder cover the complete metal lized area of the end cap as shown in
figure 1126, but coverage to one half the thickness (T) of the component

~ lnCiUfllnq ~F21ciiilzdLlo!lJ Stidl”l be dLueplablC +1 Uti itied ~,i~l”cdl~ ~IJ iJI:~J
voids or ~ther discontinuity in the solder fillet.

NICKEL NICKEL
- BARRIER

\
BARRIER

‘-l \

OPTIMUM

A

OPTIMUM

/ J

MAXIMUM

B

NICKEL
BARRIER

\ T1

--#- t

It < 1/2 T

NOT ACCEPTABLE

c

NOT ACCEPTABLE

FIGURE 112. Solder filleting (see 5.4.21.17.5)._—.--._— —-—..—..—-.-.—...-...—-.———

13?
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5.4.21.18 Conformal coating inspection. As an exception to 5.4.3,
visual inspection without magn tt Icatlon tor conformal coating acceptance is
acceptable for the conformal coating defects listed herein. Inspection for
conformal coating coverage may be performed under an ultraviolet (UV) light
source when using conformal coating material containing a UV tracer. Magnifi-
cation from 2X to 4X may be used for referee purposes.

5.4.21.19 Conformal coatings and encapsulant shall be of the type spec-
ified on the assembly drawing and shall:

a.

b.

c.

d.

e.

f.

9.

5.5 Task

Be completely cured, homogeneous, and transparent;

Cover only those areas specified on the assembly drawing;

Be free of voids or bubbles which expose component conductors,
printed wiring (including ground planes) conductors, or other
conductors;

Include no bubbles nor voids exceeding a diameter or width of
0.010 inch (0.25 mm) if adjacent to a component or comPonent
lead nor any bubble or void exceeding a diameter or width of
0.025 inch (0.64 mm) at any other location on the surface of
the printed wiring assembly;

Include no clusters of bubbles in open areas of a printed
wiring assembly, if any dimension of the cluster exceeds 1/4
inch (6.4 mm) or, if the cluster is adjacent to the body of a
component, any dimension greater than 25 percent of the span of
the side of the component to which it is adjacent, or 1/4 inch
(6.4 mm), whichever is less;

Include no foreign particles, voids, bubbles, or clusters which
bridge greater than 50 percent of the spacing between con-
ductors. The remain inc!clearance must be greater than the
minimum clearance spac~ng specified in MIL-STD-275;

Contain nc visible blisters, cracks, crazes, measl ing, peel ing,
and wrinkles.

l): Hand Sulderinq Process Controls. Manual soldering shall be
‘-”T-”A”-”’-”~(j~~<”afid’””~(j”~~~ia]s sp~cifiec il? j.$+, 4.10,accclmpl isn;-~~s-tig-thle facfl Itles,

and if applicable, 5.4.9 through 5.4.15. TOGIS {Jsed ;r,the sc,ldcr irjgproce~s
shall be cleaned prior to use, be free of dirt, gre~~~, flux, oil and ~ther
foreign matter, and shall be kept clean during use.

-

5.5.1 Preparation of the solderinq iron. The soldering iron tip shall
be fully inserted Into he heating element casing, which shall be tightlv
attached to the hdndle. The soldering iron shall be heated ~nd upon reaching
a temperature which causes solder to melt, the tip shall be first tinned with
a light coat of solder and then cleaned by wiping 1 ightly on a clean, mcist
wiping pad (see 4.9.3.3)/ A thin, bright, tinned surface shall be maintained
on the working surface of the tip to insure proper heat transfer to the
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___ ccnnect ion
on the tip

5.5.2
tinning of

being zoldered. ()~,idatio~scale shall not he ?]
or between the heating element and the tip,

Use of solder pots. Solder pots to be used for
areas to be soldered shall be temperature contro

cleaning and
led, and unless

otherw;se s~ecif ied, shall be set at a Dresejected tem~erature within the
range of 500° to 52$°F (260° to 270°C).’ Solder purity shall be controlled in
accordance with 4. 13.4.1 and 4.13.4.2. Total time in the solder of areas to
be soldered shall not exceed 5 seconds per immersion cycle.

5.5.3 Use of thermal shunts. Thermal shunts (heat sinks) shall be used
to protect heat sensitive components such as semiconductors, transistors,
ceramic capacitors, crystal devices, and insulating materials from heat damage
while soldering (see figure 1]3). Thermal shunts so utilized shall not damage
‘the component being soldered.

THERMAL SHUNT

COMPONENT

I

FIGURE 113. Thermal shunt (heat sink) (see 5.5.3).

5.5,4 Flux application. Flux in accordance with 4.10.2 shall be
utilized for all soldered e~ectrical connections. Liquid flux , when used,
shall he applied in a thin, even coat and shall be limited to those surfaces
to be joined prior to application of heat. The use of excess flux shall be
avoided. When used, cored solder shall be placed in such a position that
allows the flux to flow and cover the connection elements as the solder
melts, When an external liquid flux is used in conjunction witt, flux cored
solders, the flux shal? be of the same manufacturer’s type.

5.5.5 Heat application. The elements to be soldered shall be
sufficiently heated to cause melting of the solder and wetting of the
surface. Excessive heating time, pressure, and temperature shall be avoided
to prevent unreliable joints or damage to parts, printed circuitry, insula-
tion, or adjacent components.

-.
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5.5.6 Solder application. The area to be so’
prOperly heated and then the solder. in accordance

dered shall first be
with 4.10.l. shall be

applied at the
being soldered (

“unction of the soldering iron tip and the parts or components
see figure 114). When soldering printed wiring assemblies

with plated-through holes, solder shall only be flowed from the solder side of
the printed wiring assembly. As an exception, the use of transfer soldering
techniques shall be utilized in accordance with a documented process which is
subject to review and disapproval. Precautions shall be taken to prevent any
change in wire or lead positioning within the solder connection before the
solder has completely solidified. The solder bridge for heat transfer shall
be maintained throughout the soldering process. Wicking of solder underneath
the insulation of stranded wire during the soldering operation shall be
minimized through use of anti-wicking tools, heat sinks, or other appropriate
methods and techniques. As a guide the soldering operation shall be completed
mitll;/.l2 tG 5 seccnd~.

5.5.7 Cool inq. The molten solder shall be cooled ~t room temperature.
As an exception, controlled cooling may be used with documented processes
which are subject to review and disapproval.

5.5,8 CI.Jpand hollcw cylindrical t.vpeterminals. Solder CUD terminals
shall be cleaned, Pretinne+ and prefilled (see 5.4.17.2, if applicable) prior
to insertion of the wire. Sufficient sclder shall be used to fill the cup or
‘LL:P:U.:”L J,:”,c;,:,”,~:,IL : :’;LL:’’L:C.:U+fl: i:’:’.!_!: .’:” :’C ‘;.~”’”“’’”;(::,.
‘ill ing of the cup to ass~re that all of the flux has rl~en ant! is not traP?e~
at the cup bottom. NCImore than three (3) kires shall be installed in the
cup, and in nc instance shall the lay of the strands of any wire be disturbed,
nor shall strands be rem~ve~ to permit multiple wire insertion. After
filling, the wire(s) $hall be inserted straight into the cup cavity (See
fia(ire 117}, toluching the back of the i~~ner‘*fallof the cavit,~’for the fulj
length of :he c~vi”:y and Jntil it strikes tue bottom.
ir~,~;

tOIl:J~lU5(JSS(\d~l”l’IIJ
:::”ltl”c’ sb:~l be maivt?il?d tbr(~tgl’r.utt~l?‘,L!Sr:rIg~F~r-a+;?n.

NOTE : If the solder is fed too fast, a gas pocket may be formed or flux
entrapped. This produces a false fill, since not enough solder is
in the cup. This condition can be corrected by applying heat t~
the termina-l base, reflowing the solder, ana adding solder to fill
the cup.



SOLDER

SOLDER FORMING
HEAT BRIDGE

L-

A. r~ux SO. IJ-ICN.YI”JG ABOVE
OXIDIZED METAL Sbl+FACE

B BOi LING FLuX SOLUTION
REMOVING THE FILM DF OXIDE

c BARE METAL IN CONTACT WITH
FuSED FLUx

-_ ... ___ --
-~ - _= _3-.-o~~ u fi.*~- —- —

//// E
A B c D

D LIQUID SOLDER REPLACING
FuSEO FLUX

E TlfdRELCTi NG WITH THE BASIS
METAL TO FORM A NEW ALLOY.

F SOLDER FORMING HEAT BRIDGE

G SOLOERING IRON TIPSHOWN NOT
TOUCHING BASISMETAL FOR
CLARITY

B

,

FIGURE 114. Solder application and bridgin9 (see 5“5”6)”
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n-ROSIN CORE SOLDER

ROSIN

SOLDER

APPLY HEAT HERE

-

ROSIN
SOLDER-

ACCEPTABLE
ROSIN CORE SOLDER

NOT ACCEPTABLE

FIGURE 115. Prebilling hollow cylindrical terminals (see 5.5.8).

F:GIIPT.:lF. Soldc’rina of hcllow CI;lindrical connectors {see 5.5.F)._- ....--___....... .........................!...
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.-

SINGLE WIRE FILL MULTIPLE WIRE FILL

FIGURE 117. Cup type terminals (see 5.5.8).

5.5.9 Preparation of shielded wire.

5.5.9.1 Coaxial connectors. Coaxial connectors shall be assembled in
acc~rdance with detailed contractor work instructions prepared to reflect
procedures recommended by the connector manufacturer except that, if solder or
fluxes other than specified in 4.1O.1, 4.10.2 and 4.10.3 are recommended for
connector assembly,’ such solders or fluxes shall be documented on an approved
assembly drawing.

5.5.9.2 Semirigid coaxial cable (hardline). Semirigid coaxial cable
shall be assembled In accordance w]th detailed contractor work instructions
that have been prepared to reflect the requirements documented on a g~vernment
approved assembly drawing.

5.5.9.3 Braided shield terminations. Solder sleeves shall be installed
in accordance with MIL-S-83519. Other braided shield terminations shall be in
accordance with detailed contractor work instructions that have been

E
repared

to reflect the requirements documented on a government approved assem lY
drawing.

5.5.10 Connection of conductors, component leads and terminals.

5.5 .10.1 Insulation tubing applications. When required, insulation
tubing which conforms to he appllcabl e requirements shall be used and shall
be installed as follows:

a. Tubing shall be placed over wires and leads prior to their
attachment.

.—
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b. Tub~n shall be held far enough from the connection so as not
?to In erfere with or be damaged during the securing and

-

soldering operations.

c, After the connection has cooled, been cleaned, and then
inspected, the tubing shall be SI ipped over the con)lectior;and
heat shrunk where applicable.

After installation, the tubing shall extend above the stripped portion of the
attached conductor a distance equal to or greater than twice the shrunken
tubing diameter.

5.5. 10.2 Use of heat shrinkable solderinq devices with shielded wires.
Heat shrinkable-s==dev Ices shall be installed In accordan=~~~

:
{.wl’jif’dL/.(Jl” .’! r., ...,..FVIJI’k(ll>L/u~Ll(jl(jtilhi~l!~ltalI be iita;ltible ,WI fckicvr uiid UI;

a proval.
I

Terminations made with self-sealing devices shall be exempt from
t e cleaning requirements of this standard when the devices are II]adewith
material that encapsulates the solder connection.

!5,5.11 Termination of magnet wires. Fot-wire term i~latiorl,the insula-
t:oc ~hal; be :12?CfU::j’ str;pped to L Inir.imu,mIJ”f1/’2
‘inred.

inc$ (’2.7 m) nrfj tb~n
Polyurethane coatings shall be stripp~d as specified in S.~.6. ~.4.

When chemical strippers are used, the chemical residue shall be neutral i~ed
,.

u,,” LI’ttbYll+c>Itu”:lLc L;cdlleu. ,;l(dlrIASCU, ~),d .)Ll”,,Lti Cti~ v;:’: ;i:LL:u:;v:l

shall also be stripped a !Jlinimumof 1/2 inch (12.7 riim). Danmge to thle insJls-
Lion and wire shall be 1imited to the amount allowed herein. The s ize of tile
serv ice leads shall be governed by the ma~net wire size ds fc;lluws:. -v

Haqnet wire size (AWG) >ervice lead size (AWG}---— ..— — .-.— ....4

JO-5(I ~l~ltrafine magnet wire) Double servic~ l~dd required. Ifldgl”let
wire conrtected tc 25-gauge ~~irewb ict
in turn is connected to 26 stranded
service lead.

34-44 28-32 (stranded).

34 Connect the magnet wire directly to
terminal.

5.5. 11.1 Joining of maqnet wire to service lead. The magnet wire sh~~l
be wrapped securely around the service lead a minimum of three turns,
commencing 1/8 inch (3.18 mm) from the insulation. Any excess lenqth shall be
cut off. -

.,

5.5.11.2 Joining of magnet wire to maqnet wire (w inding-to-windinq
m. The ends of he wires to be Joined shall be L)laCed~arallel to
other, and twisted together a minimum of tnree turns.

each

5.5. 11.3 Soldered splices for small diameter magnet wire. Small
net wire (AWG-34 gauge through 50 gauge) may be spliced to w res
ameter (service leads) which in turn can be attached to terminals
When required by the design, splices may he made between the leads

diameter ma!
of larger d
(leading).
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of individual windings.
5.5. 11,3,3 are appl icab”
and coils.

5.5. 11.3.1 Solder
ified in 5,5.6, t-

The requirements of 5.5.11.3.1, 5.5. 11.3.2
e only in the manufacture of transformers,

and
nductors

ng of splice. The splice shall be soldered as spec-
are that the solder is applied not closer than 1/16

inch (1.58 mm) to the insulation. The solder shall be smooth with no sharp
solder points.

5.5.11 .3.2 Applying insulation. After cleaning and ins ection, the
spliced portion sliall be bent back against the larger wire. !he insulation
shall be equivalent to or better than the original or s ecified insulation,

Iand shall cover a minimum of 5/8 inch (15,88 mm) over t e wire insulation.

Cr~aJ.?:,~*~ ,?\fl:h,@~jn9 Le?-v:ce lead. URIPSS othw~ise specifi~d on the
appl icable drawing, the service lead sfiall be taped or secured with non-
reactive adhesive for a minimum length of 1/2 inch (12.7 mm) to the coil
winding after application of the insulation.

5.6 Task. F: Machine Soldering Process Controls. Machine soldering
shall be accompl ished using ~iny integral system (see 4,12) which also
incorporates:

b. An automatic fluxing stage (see 5.6.4.6);

c, A cooling stage (see 5.6.4.7); and

d. A speed controlled conveyor stage (see 5.6.5.3).

5.6.1 Wave soldering machines. In addition to 4.9.3.6 and 4.9.3,7, wave
soldering machines shall have the capacity to preheat the assembly to within
120°C (216”F) of the solder temperature immediately prior to contact with the
molten solder.

5.6.2 Other soldering systems. Drag soldering and other soldering
equipm~nt not specified herein shall be util ized in accordance with a
documented process which is subject to review and disapproval.

5.6.3 Constraint of components. Components shall be constrained in a
manner which precludes excessive motion during wave soldering.

5.6.4 General requirements.

5,6.4,1 Machine maintenance. Machines incident to the automated
s~~~er;ng process stIall be mair,tained to assure capability and t?fficienc~
coclmen~urate with design parameters establ ished by the original eq[Jipment
manufacturer.

‘!1
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5.6.4.2 Machine controls. The contractor shall have operat
cedures describing he SOI derlng process and the proper operation
matic solderinq machinE and associated equipment. For the solder

ng pro-
of the auto-

-

ng machine,
these procedur~s, as a minimum, shall define the preheat temperatur~, solder
temperature , rate of travel, frequency of temperature verification measure-
ments and frequency of solder bath analysis. If any of the above mentioned
characteristics must be adjusted for different printed wiring assemblies, the
procedure shall identify by printed wiring assembly, drawing number, or other
positive identification means, the setting to be utilized.

5.6.4.3 Holding fixtures and materials. Devices, materials or
techniques used to retain parts and components to the printed wiring board
through preheat, fluxing, soldering, and cooling stages shall not contaminate,
mar, or otherwise damage or degrade printed wirtng boards, parts, or
components. The devices, materials or techniques shall not only be adequate
to maintain component positioning but shall permit solder flow through plated-
through holes and complete coverage of terminal areas on the component side of
the printed wiring board. If used, skin packaging shall be vented to permit
hole fill and terminal area coverage. Skin packaging shall not be utilized if
it results in electrostatic discharge damage or degradat ion to components.

5.6.4.4 Carriers, Devjces used for the transport of printed wiring
assemblies thr-heat, fluxing, soldering, or cooling stages shall be in
accordance with 4.9.3.7.

5.6.4.5 Maskin
4“

Areas of printed wiring boards not to be soldered
(including plate -t rough holes in which leads or wires are to be later
inserted and soldered) shall be masked prior to the appl ication of flux.

5.6.4.6 Cluxin
-7+”

FIUX shall be applied by the wave, foam or spray
method which W( produce an even coated bottom surface and hole filJ. The
solids content of the flux shall be maintained with a nonchlorinated solvent
recommended by the flux manufacturer or with a government approved substitute.

5.6.4.7 Cooling (printed wiring). The printed wiring assembly shall be
retained on the conve,yor until the sclder has sol idified. The molten solder
shall be cooled at room temperature. As an exception, coritrolled cool ing may
be used with documented processes which are subject to review and disapproval.

5.6.5 Wave soldering.

5.6.5.1 Solder bath. The solder bath shall be set to a preselected
temperature between 480’ and 520°F (249° and 271”C). The temperature measure-
ment shall be made 1/16 to 1/8 inch (1.58 to 3.17 mm) (actual measurement is
not required except for referee purposes) below the crest(s) of the molten
solder wave(s) when no board is traversing the wave(s). The temperature and
the time of contact between the printed wiring assembly and the solder shall
be dependent upon such factors as preheating, thickness of board, number of
contacts or conductors, and the type of parts. The period of exposure of any
printed wiring assembly to a solder bath shall be limited to a duration which
will not cause damage tothe board or parts mounted thereon. The solder bath
shall be periodically analyzed to insure that contamination levels do not
?x~~~tithe limits specified in table V.

—
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5.6.5.2 Maintenance of solder purity. To maintain the proper purity of
solder, the foT70wfng procedures shall be adhered to in machine soldering of
printed wiring assemblies:

5.6.5.2.1 Before the start of soldering operations, dross shall be
removed from the solder bath surface. Dross shall be periodically removed
from the solder bath to assure that dross does not contact the items being
soldered. Automatic or manual methods for removing dross are acceptable.

5.6.5.2.2 Solder in solder baths shall be chemically or spectro-
graph ica?ly analyzed or renewed at the resting frequency levels shown in table
V, column B. These intervals may be lengthened to the 6 hour operating days
shown in column C when the results of analysis provide definite indications
that such action will not adversely affect the purity of the solder bath. If
contamination exceeds the limits cf table V, intervals between analyses or
replacement shall be shortened to those 8 hour operating days shown in column
A, or less, until continued purity has beerr assured by analysis. Records
containing the results of all analyses and solder bath usage shall be avail-
able for review by the government.

5.6.5.2 Ccnveying. Preloaded and precleaned printed wiring assemblies
shall be transported through the fluxer and preheater to the solder bath and
on through the cooling stage at a rate preselected to assure compliance with
5.6.2,6. The speed shd~l not vary mere than ? inch (25.4 mm) per minute,

5.6.5.4 Lead Trirnmin
L ~“

Leads may be trimmed after soldering provided
the cutters do not amage the component due to physical shock. When lead
cutting is performed after flow soldering, one repass over the solder wave
shall be made to cover ends and to reflow the solder terminations to correct
disturbances caused bv side loading (this reflow is not considered a rework).
When the number of le~ds cut after soldering is small, manual touchup maY be
used to reflow the solder, including coverage of lead ends.

5,6.5.5 Preheatin
4

The areas of the PWB to be soldered shall be pre-
heated to 160 0 1 to 116”C) as measured on the component side. All
subsequent temperature measurements shall he made at the selected point for
each board type. A prehedt schedule shall be prepared for each type of board
(as’ identified by PNE assembly part number designations) to be soldered based
upon th;ckness and density and shall include the proper heater settings for
preheating the boards to the required temperature. The selected temperature
from board-to-board (of the same type) as
maintained within 10”F (5.5CC) but not to
wiring assemblies shall be preheated to a
f?ux, conveyor speed, solder temperature,
solder bath.

5.5.5.6 Solder a~cl ication. Solder

measured on test specimens, shall be
exceed the specified limit. Pr inted
temperature compatible with the
and time of board contact with the

shall be a~plied to the printed
wit+incrassemblv throuah contact with a solder wave compatible with the type of
solde~ing math-ine bei~g used. The time of contact between any point of the
printed wiring assembly and the solder should be 5 seconds or less. Process
documentation shall be prepared when contact times greater than 5 seconds are
required and the process shall be subject to review and disapproval. The time
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of contact shall be preselected, dependent upon preheating, thickness of the
board, number of connections and conductors and the type of components. The
temperature of the solder shall be measured at a point 1/16 to 1/8 inch (1.58
to 3.17 mm) (actual measurement not required except for referee pur ose) below

Kthe crest(s) of the wave(s) in the path of the board and shall be t e Pre-
select temperature (T) +1O”F (+5.5”C) (see 5.6.5.1). The height of the wave
and depth of immersion ~hall b= maintained to assure effective contact and
solder pressure sufficient for hole fill and solder spread to terminal areas
on the component side of the printed wiring assembly.

5.6.6 Planar (Reflow) soldering.

5.6,6.? Surface preparation. Solder shall be deposited or plated on
both metal sur~aces to be ~olned prior to positioning the components in
pldce. Except when perf~rmed by the original part manufacturer, tinning
performed prior to lead forming may extend past the knee bend but not witnin
0.005 inch (0.13 mm) of the component body.

5.6 6.2 Flux and solder application. Prior to or during the soldering
process, a uniform coating of llquld flUX, solder cream, solder paste, or
other forms of solder shall be appl ied to the joint area where the component
leads are to be soldered. Preliminary soldering (i.e.,tack soldering) opera-
tions may not require flux application.

5.6.6.3 Heat application. The component terminations to be solaereu
shall be heated to the low temperature of the solder. The application of
heat shall be controlled during the soldering operation to prevent damage to
the assembly (e.g., base material, adjacent connections, electrical com-
ponents). The surfaces being soldered shall be restrained to preclude move-

-

rnent relative to the terminal area as solder is solidifying. Leads which are
not seated in contact with the termination area shall not be deflected or
forced into place during soldering such that residual stresses remain in the
lead after soldering.

5.6.7 Condensation (Vapor Phase) solder inq. The condensation (Vapor
Phase) reflow soldering method is generally used for back planes and connector
reflow soldering. Prior to using this method for component soldering, it must
be determined that no damage will occur to the components. Documented data
verifying this evaluation shall be subject to review and disapproval. The
condensation reflow system shall be mechanized tc prcvide for smooth
transition of the work piece, control of temperature, level of vapors and
dwell time. There shall be a smooth transition out of the vapors after
completion of the soldering operation to prevent disturbed solder connections
prior to solidification.

6. NOTES

6.1 Tailoring guidance. The requirements of p~ragraph 5.2 thrcugh 5.6
and their subparagraphs are most effective when used together as a unit:

a. The personnel training and certification requirements of para-
graph 5.2 are intended for applications using all of the
requirements of this section.
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-- b. The process contro? requirements of paragraphs 5.4, 5.5, and
5.6 are most effective when used togetner.

c. Paragraphs 5.5 and 5.6 are least effective when specified with-
out paragraph 5.4.

d. The design and assembly manufacturing requirements of para raph
%5.2 should be specified whenever paragraph 5.4 is specifie .

Without the support of paragraph 5.3, manufacturers will
encounter significant difficulty in manufacturing high quality
assemblies in a process control environment. In addition, the
added inspection requirement provided by paragraph 5.4 can only
be met if proper design and material selection practices (i.e.
as specified in paragraph 5.3) are used.

The combined requirements of this section will produce quality, reliable
assemblies appropriate for use in space flight, Tife-crit ical, and mlsslon
critical applications.

6.2 Super-session note. This standard replaces a series of documents for
soldering. The series consists of DOD-S7D-200G-lB Soldering Technology, High
Quality/High Reliability, and NOTICE 1, dated 1S January 1987; llOD-STD-2000-2A
Part and Component Mounting for High Quality/high Reliability Soldered
Electrical and FIPctronic Lssembl ies, dated 20 Nnvemb~r 1986: DOD-STD-2000-3A
Criteria for High Qua)it.Y/High Reliability 5clderlng lechno”logy, aaced 31J
April 1987; and DOD-ST’D-2000-4A General Purpose Soldering Requirements for
Electrical and Electronic Equi~ment, dated 1 October ?987. This standard isL intended to supersede the documents-listed below. The listed
remain in effect until they are cancelled by separate notice.

MIL-S-45743

M~L-~-468Ad

MIL-S-46860

MIL-S-50826(AR)

MIL-S-50827(AR)

MIL-STD-252(CRJ

KjL-STU-1460(A~j

QWS-10.OOB

Soldering, Manual Type, High Reliabi’
and Electronic Equipment

Solder !lathSoldering of Printed Wir

documents will

ity, Electrical

ng Assemblies

Solderinq of Metallic Ribbon Lead Materials to Solder
Coated Conductors, Process for Reflow

Soft Soldered Electrical Connections for Special
Weapons Items Including Other Related Electronic
Dev ices

Soft Soldered Electrical Connect
Weapons Items Including Other Re’
Dev ices

ons for Conventions
ated Electronic

Class ificatior~of Visual and Mechanical Defects for
iqu ipment, Electronic, Wired and Other Devices

Soldering of Electrical Connections and ?rinted
Wiring Assemblies, Procedures for

Acceptance Criteria for Solder Connections and Wiring
in Electronic !quipmen?

145



MIL-STD-2000

MS-4554 Wave Soldering of Printed Miring Assemblies, Auto-
matic Machine Type

wS-6536 Process Specification Procedures and Requirements for
Preparation and Soldering of Electrical Connections

US-14146 Preparation, Soldering and Inspection of Electrical
Connections

6.3 Subject term (keyword) listing.

Connector
Degreaser
Electronic components assembly
Flux, soldering
Insulation sleeving, electrical
Printed circuit board
Printed wiring, flexible
Printed wiring board
Solder
Soldering iron
Solvent, stoddard’s
Wiring harness

6.4 Use of metric units. English units (inches, pounds, Fahrenheit) are
the primary units used by the United States Industry for manufacturing
electronic assemblies. In this document, measurements are provided in English
units followed by the metric equivalent. The conversions from English to w

metric are made jn accordance with FED-STD-376. The metric equivalents
provided in this document are rounded to sensible values. Direct conversions
which are mathematically correct but reflect unre~son~ble degrees of precision
in metric units have been avoided (i.e., 5.002 mm is considered unreasonable;
this should be rounded to 5.0 mm). In the event of conflict, the primary
English measurement shall take precedence.

Custodian:
Air Force - 20
Army - MI
Navy - AS
NSA - NS

Review activities:
AF - 11, 15, 17, 19, 84, 99
Army - AR, CR, ER, MR
Navy - EC, OS
DLA - ES, DH

Preparing Activity:
Navy - AS

(Project No. SOLi)-0031)

User activities:
Army - AV
Wi;y - MC

- I)H
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-- APPENDIX A

STODDARD PETROLEUM DISTILLATE SOLVENT
(See 4.10.4 and 4.10.4.4)

10. SCOPE. This appendix specifies the requirements for a petroleum
distillate, referred to commonly as “Stoddard solvent” which shall be capable
(S’ee30.1) of meeting the requirements herein and those ofASTM D235, Type
I. The requirements of this appendix correspond to the requirements of
NAVAIRSYSCOM Drawing 200AS311.

10.1 Classification. The material shall be classified in accordance
with ASTM D 235 , Type I.

20. APPLICABLE DOCUMENTS.

20.1 Government documents. The following document forms a part of this
appendix to the extent specified herein.

SPECIFICATIONS

FEDERAL

TT-T-266 Thinner; Dope dnciLacquer (Celluluse-N itrate)

(Unless otherwise indicated, copies of federal and mil itary specifications,
standards and handbooks are available from the Naval Publ ications and FormsL
Center (Attn: NPODS), 5BOI Tabor Avenue, Philadelphia, PA 19120-5099*~

20.2 Other publicatio~s. The following documents form a part of this
appendix to the extent specified herein.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTPI D 235 Mineral Spirits (Petroleum Spirits) (Hydrocarbon Dry
Cleaning Solvent)

ASTM E 168 Recommended Practices for General Techniques of
Infrared Quantitative Analysis

(Application for copies should be addressed to the American Society for
Testfng and Materials, 1916 Race Street, Philadelphia, PA 19103.)

30. DEFINITIONS.

30.1 Capable of. “Capable of” shall mean that the requirements shall be
met; however, the rupplier is not rPqLJiPed to inspect to the requirements of
the drawing. The purchaser, however, may inspect and if the material does not
meet a specified requirement, it shall be cause for rejection.

30.2 Petroleum distillate. Petroleum distillate shall mean a hydro-
carbon distilled from petroleum and not contaminated with oxygenated,
haloqenat~d or other fllnrtional solvents.- r~t~tf~l~rl,i~>atur?.:lyin ~~~tr~lpur.
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40. GENERAL REQUIREMENTS.

40.1 Tabulated requirements. See table A-I.

TABLE A-I. Tabulated requirements.

Percent;
Constituent Max. byVol.

1. Compounds with olefinic or
cyclo-olefinic unsaturation 5

2. Aromatic compounds with 8 or
more carbon atoms except
ethylbenzene

3. Total of aromatics and olefins 2:
4. Oxygenated solvents Negative test

50. TEST REQUIREMENTS,

50.1 FED Spec TT-T-266, para 4.3. 12 for compliance with tabulated
requirements (see table A-I).

50.2 Solvent must meet all requirements of ASTM D 235.

50.3 Infrared analysis (see ASTM E 168) for compliance with 30.2.
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L

PROCEDURE FOR MEASURING

APPENDIX B

2mV POTENTIAL
(See 5.4.14)

10. SCOPE . This Appendix establishes the
potential at the soldering iron tip.

AT SOLDERING IRON TIP

procedure for measuring 2 mv

20. APPLICABLE DOCUMENTS. Not applicable.

30. DEFINITIONS Not applicable.

40. GENERAL REQUIREMENTS.

40.1 Equipment requirements. Minimum use specifications are the
principal parameters required to perform the measurement and are included to
assist in the selection of alternative equipment which may be used at the
discretion of the using laboratory. Voltmeters must bear evidence of end-date
cal ibration..

TABLE B-I. Equipment requirements.

Measurement equipment
i tem M iliil]]tir[luse specific0tivti5 aridd~vices (see 49.2)

TRMS vnltmeter Accuracy: + 10?:at 2 rnVRMS Hewlett-Packard
Frequency r~nge: 50-500 Hz model 3400A or
Input impedance: 10 megohms Keithley model 132F

Cable Type: shielded BNC (male) Pomona Electronics
to alligator model AL-B-BNC-36

Ground clip Type: oscilloscope probe Tektronix part
to alligator numbers 175-0125-01

and 344-0046-00

Shim stock Material: brass or copper
Thickness: 0.008-0.020 inches
Size: approximately 1.5 x 0.75
inches

Solder Type: rosin core

40.2 The instruments used in this procedure and listed in table B-I were
selected from those known to be available at Department of Defense facilities,
and the listing by make or model number carries no implication of preference,
Pecommendat;on or approval by the @epartment of Defense for other agencies.
It is recognized tnat equivalent equipment produced by other manufacturers may
be capable of equally satisfactory performance in the procedure and may be
used.
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50. fIETAILREQUIREMENTS.

50.1 Preliminary operations,

50.1.1 Preparation of conduction plate.

50. 1.1.1 Remove any dirt and corrosion from surface of shim stock. If
sufficient solder pool is already present on shim stock, proceed to step
50.1.2

50. 1.1.2 Using the soldering iron under test (UUT), bond a small pool of
solder to the shim stock as shown in figure B-1.

NOTE : Heat shim stock to sufficient temperature to create a well-wetted bond
between shim stock and solder.

St-tlMSTOCK

c)
..... 2cL2EFi

FIGURE B-1. Preparation of COnOUCtiOi, pldte.

50.1.2 Set-up of test equipment (see figure B-2).

50.1.2.1 Attach BNC cable connector to input cf TRMS vcltmeter (if
Keithley model 132F is used, an additional banana (male) to BNC (female)
adapter will be needed.

50,1 .2.2 Attach ground clip probe clip to ground pin of UUT input plug.

5@,l.p,3 Select appropriate range and~or function of TRMS voltmeter,

50. 1.2.4 Plug TRMS voltmeter and UUT into the same auplex AC wall
receptacle (Keithley model 132F is battery operated with no plug-in required).

50. 1.2.5 Attach cable red wire alligator clip to conduction plate.

50.1.2.6 Attach catle black wire ~lligator clip to conduction plate.

50. 1.2.7 Attach ground clip alligator to conduction plate.

50.2 Measuring pro’cess.

50.2.7 Measure test system R!?S level.

i5u

.-
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DUPLEX

-
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SOLDERING IRON rJ -4 --

--—— .-— — — I
r-

———— ———— —— 1

I -.~----–’–-,
___— -—

1

11
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I
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L ——— —— -1~ ~—
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EQUIVALENT
(SEE 40 2) AC
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?

I
I
1
1
I
I
I
I
I
I
I
1
I
I
I
I

J

.

FIGURE B-2. Measurement of test system RMS level.

50.2 .1.1 Turn on power to TRMS voltmeter and UUT. For temperature
adjustable UUTS, set temperature control to max imum Lempereture. Allow 15
minutes warmup.

50-L, I.2 Record TRPIS voltmeter value \’1. This is the test sYstem RMS
level.

50.3 Measure UUT RMS level (see figure B-3).

50.3.1 Remove cable black wire alligator clip and ground clip alligator
clip from conduction plate.

50.3,2 Attach cable black wire ~lligator clip to groul~d c;ip alligator
clip.

50.3.3 Remove soldering element from holder and firmly press soldering
tip against solder pool’on conduction plate. Allow approximately 30 seconds
for stabilization.

--
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CONDUCTION
PLATE

DUPLEX
RECEPTACLE

SOLDERING IRON f-~~
I *1

r
——— —.— —.— ——— — ——— 1

r
—. 1

4

0

“-r––– –--l
.—— —— 1 I

I ‘~l P I ELEIvIENT ~~c~TROL ] ! I 4) 1

I ‘; ;=--–– J I— ———

[ ———— —.— ——— ——— —— 1 i

I I I
I I

{ 1
GROUND CLIP I

I I I I
I I

I I
L--n- -1 TRMS VOLTMETER I I

r
——. ———

1 I 1
4)

I t
1 4) I

I
I

1- _l 1+——— ——.
HP 3400A OR ‘- --“ -- ;

.+ EQUIVALENT
(SEE 40.2) AC

blNb AL

FIGURE B-3. Measurement of UUT RMS level .

50.3,4 Record TRMS voltmeter value V2.

50.3.5 Calculate and record UUT RMS level Cl such that Cl = V? - VI.

50.4 Measurement report. A measurement report for each UUT shall be
written and shall contain, as a minimum, the following information:

a. Description of UUT (Make, Model, Identification Number),

b. Test system RMS level V1.

c. RMS level V2,

d. UUT RMS level Cl.
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FOR INFORMATION ONLY

GOVERNMENT CERTIFICATION CATEGORIES

50. Certificate categories. Certificates maybe issued in the following
eight categories:

A Government Senior Examiner
B Government Instructor and Examiner (except category M)
F Government Inspector (except category N)
G Government Operator
H Process Examiner
t’! Goverrm~eriLContract AdmirlistrdtiurlOffice (GCAO) Instructor ond

Examiner
N Government Contract Administration Office (GCAO) Quality

Assurance Representative (QAR)
R Restricted Operator or Inspector

50.1 Category A Go\’ernment Senior examiner.

~ra

all
eva’
for-

50.1.1 Cate o~v AAut~g:riy.
-+

Categor,v A personnel are authorized ~o -,
(I , LeI L if~all I ~qu~re Let LII l~diiufl dliilIe~~r L;f i~titio(iLf persufllic ~~
other categories. Category A personnel ~re also authorized to monitor and
uate soldering processes, workmanship, training programs, and facilities
conformance to this standard.

50.2 Category B Government instructor and examiner (except category M).

50.2,1 Category B Authority. Category B personnel are authorized to
require recertlf Icatlon of personnel of categories C, D, E, R, F, and G, to
monitor contractor soldering processes and workmanship for conformance to this
standard and to perform soldering operations and inspections at Government
facilities for conformance with this standard.

50.4 Category F Government inspector (except category N).

50.A,.1 Category F Authority. Category F personnel are authorized to
perform inspections for conformance with this standard.

50.5 Cateqory G Government operator.

50.5.1 Category G Authority, Category G personnel are authorized to
perform operations in conformance with this standard.

!5n,6 [ate.gcrj, H ~rccess ?K?!TIiPt?r.
--- — .—

50.5.1 Cateqor.y H personnel. Category Ii personnel shall be certified by
the Government after sat~sfactory completion of an 80-hour soldering course,
with primary emphasis on inspection and machine processes. Category H
personnel certification and performance shall be reviewed on an annual basis.

--
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50.6.2 Category H author Category H Government personnel are
authorized to recommend ation of category H contractor personnel and
personnel of categories C, D, E and R, to inspect soldering processes and
workmanship for conformance to this standard, to perform quality assurance
actions, and to participate in materials review board (MRB) decisions.

50.6.8 Cateqory R Restricted operator or inspector.

50.6.8.1 Category R Contractor personnel. Category R personnel shall be
selected for performance of a 1imited number of operations or procedures. The
training program shall, as a minimum, include the operations or procedures for
which the category R personnel are to be certified. Functions or operations
using a category R operator or inspector require prior approval of ~ ~ate~~l-jf

A Government Senior Examiner.

50.6.9 Achievement of certified status. To be certified in category B
or H, personnel shall attend and successfully complete an 80-hour formal
training prografflat a Governmer)t approved school, as specified by the
procuring activity. To be certified in categories F and G, persGnnel shall
attend end successfully complete ~ 40-hour formal t~aining program conducted
bv d cateqory R instructor anri examiner,

-
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APPENDIX D

SELECTION AND EVALUATION OF MAGNIFICATION AIDS

10 Apparent-Field-of-View Anqle: The angular subtense of the field of view
in the image space of the optial system (the angle seen by the observer’s eye)
as differentiated from that in the object space (the real field).

2. Color Temperature: A measure of the energy distribution over the visible
spectral range (I.e., the color quality) of a light source with a continuous
spectrum expressed in Kelvins (K). The color temperature is the temperature
on the absolute scale (degrees C + 273) to which a perfect blackbody radiator
would have to be heated, which appears visually to be the same color as the
liqht source in question.

3. Effective Color Temperature: A measure of the energy distribution over
the visibl e spectral range of a light source using an approximation of an
equivalent continuous spectrum resultant source expressed in Kelv ins. The
effective color temperature is the temperature on the absolute scale (degree C
+ 273) to which a perfect blackbody radiator would hav~ to be heated to emit.
light with the closest visual color match to tnat of the approximation of the
equivalent continuous spectrum resultant light source in question.

4. Effective Focal Lenqth - of a magnlt Ication device: A IIIedSUII=Uf ~~i~
distance from the principal point of the device’s optical system to the
corresponding focal point.

5. Fixed power single-eyed devices. Fixed power single-eyed devices, when
used, shall have an eye-to-obJect distance not less than 2.25 inches (57.2 mm)
and ~n object-to- lerls-working distance not less than 55 percent of thE!
effective focal length of the magnifier.

6. Magnification power. The magnifying power (MP) for a visual magnification
aid/device shall be determined with the device focused so its image appears at
infinity and by using the equation:

MP = Tan ent betafi
%*.

“Beta” P shall be one-half the angle sllhtencledby the image (H’) of an
object (H) as seen through and centered in the field of view of the
magnification aid/device.

“Alpha” a shall be one-half the angle subtended by the object (H) as seen at
10 inches by the unaided eye. Tangent “alpha” therefore equals 1/2 H
measured in
i~lcllpc,div ided by lC’.

The relationship between “ ~ “, “ a “, (H), and H’) is illustrated ds follows:
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T
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/“ t 1/2H CENTERED IMAGE
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H’ AID/DEVICE

‘. ~. ‘.
=. -.+

/’
. -----1

- )JAG~IFIcATloN AID/DEvlcE

FOCUSED AT INFINITY

-

FIGURE D-1. Naanif ication power.

7. Percent of the Field of ‘Jiew - of a magnification device: The specific
part of Tnterest of the minimum required field of view of that device.

8. Proportional Dimensions - as viewed in magnification devices: The
distortion of the optical system used in the magnification device shall be
less than 3.0% over +10 degrees apparent field of view.—

9. Render True Color - in a magnification device: The color aberrations cf
the optical system shall be corrected enough to allow the magnifier to resolve
the required details.

10, Resolution quality. As a definition of resolution qual it;, a viewer
using the magniflcat!on aid should be able to discriminate at ieast 64 line
pairs per millimeter (lp/mm) over + 5 degrees apparent field of view and 45
Ip/mm over + 10 degrees apparent f~eld of view from the center of the field at
10X magnifi~at ion, or proportionally different resolution at others powers
(i.e., 26 lp/mm over + 5 degrees and 18 lp/mm over + ]0 degrees at 4X
magnification.

?56
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11. Shadowless Illumination - for magnifying devices: The magnifying
device’s light source shall provide illumlnat]on on the area of interest from
at least two directions at least 80 degrees apart so that no shadows fall on
the area of interest from objects in the field of view that are not of prime
interest.

12. System Effective Color Temperature: A measure of the energy distribution
using an approximation of an equivalent continuous spectrum resultant source,
expressed in Kelv ins, of the transmitted visible spectral energy distribution
range using the optical system’s light source to illuminate the optical
system’s target area.

The system effective color temperature is the temperature on the absolute
scale (degree C + 273) to which a perfect blackbody radiator would have to be
heated to emit light with the closest visual color match to that of the

approximation of the equivalent continuous spectrum resultant system trans-
mission in question using the system’s light source to illuminate the optical
system’s target area.

\-
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interrelate the requ
requirements,
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APPENDIX E

TASK/BASELINE REQUIREMENTS INTERRELATION

20.

30.

40,

4CI.1

APPLICABLE

s appendix provides guidarice to users attempting to
rements of the baseline hlIL-STll-2000 anti tile task

Docur4ENTs. Not applicable.

DEFINITIONS. Not applicable.

GENERAL REQUIREMENTS.

Document organization. Paragraphs 4 ana 5 of th!s uuLutIIeIItIiave
been oraanized to be relatively consistent in their layout. Figure E-1 shows

B I 5.3.21-
] 5.3.21.8

B

B

B

5.3.19.6,
5,3. 19.7.6

5.3. 19.7.6

5.3. ?9.10.2

4.il.4. i

4. 11.4.2

4.11 .4.3

4.11 .5,1

_.

Impact
I -
I—— .—--- ------ —...

‘J:rle, ‘?sk. A rpnuipf~tirert ificfiti:]r 1
of perscnnel and has no superseding

affect on the basel ine requirements.

Varies. Except as cited below, the
requirements of task B go above and

beyond the requirements of the base- ;
line. In addition, task B wili i~ave a
superseding affec-~ on mitny MiL-STD-~7~
requirements .

—

Both require 1/2 to 3/4 wire wrap.
Task B has more detailed requirements
and is used in lieu of 4.11.4.1.

I
Little significant difference. Task I
B allows 1 diameter bend radius for
all parts.

Both requirements apply; Task B
supplements 4.1? .4.3.

No difference.
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B

B

B

B

B

B

B

B

B

c

c

c

c

c

c

c

c
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TABLE E-I. Task/baseline interrelation (continued).
1

Paragraph

5.3. 19.10.1.2 -
5.3.19.10.1.6

5.3. 19.10.3.3

5.3.19. 10.3

5.3.19.10.3

5,3. 19.10.3

5.3.19. 10.3.2

5.3. 19.10.3

5.3. 19.10.3.4

5.3.19.8

5.4.4

5.4.9

5.4.14.1

5.4.15

5.4.16

5.4. 17.1

5.4. 17.6

5.4. 19.8

Baseline
Paragraph

4. 11.5.2

4.11.5.3

4.11.5.4

4.il.5.5

4.11 .5,6

4.11.5.7

4.11 .5.8

4. 11.5.9

4.11.6

4.4

4,9

4.9.3

4.9.3.6

4.10.1

4.11.2

4.11.3

None

Impact

Task B is more detailed and allows
greater variety of mounting techniques.

No difference.

Task B requires greater contact area.

Task B does not ~llow side overhang.

No difference (no overhang allowed).

Minor difference.

Minor difference.

Minor difference.

Task B is significantly more detailed.

Task C provides more control and
requires more testing.

Task C requires greater control over
the solder facility.

Task C requires greater controls in
soldering iron performance.

Task C requires greater controls in
machine soldering system selection.

Task C requires phosphorus and sulphur
contamination testing.

Task C prohibits broken strands.

In addition to 4.11.3, complete wet-
ting and solder penetration to the
inner strands is required.

Task C places requirements on the
conformal coating process.
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Task

c

c

D

D

D

D

D

D

D

D

D

.—

TABLE E-I.
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5.4.21

5.4.21.11

5.5.1

5.5.2

5.5.3

5.5,4

5.5*5

5.5.6

5.5.7

5.5.8
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APPENDIX E

Task/baseline interrelation (continued).

Baseline
Paragraph

4.19

4.19.4

None

None

None

4.12.1

4.12.2

4.12.3

4.15

4.19.5.12

4.19.8

Impact

While most of the visual acceptance
criteria is common, Task C requires
evaluation of the printed wiring and
solder mask. In addition, solder in
the bend radius is limited. The
solder coverage and fillet is des-
cribed for surface mounted devices.
Also, tighter limits are imposed on
the insulation stripping process.

Plated-through holes that are used as
via holes shall be left unsoldered
auring nand soldering operations and
may be left unsoldered durlnq machine
operat ions, Complete termin;l area
coverage is required by task C (80%
4.19.4). With a lead ‘inthe plated-
through hole, solder depression is
limited to 15% in Task C versus 25%
the baseline.

{

Proper iron preparation is required.

Solder pot operating temperatures and
part immersion time limits are spec-
ified.

Thermal shunt use parameters are spec-
ified.

Task D requires common fluxes.

No significant differences.

Transfer soldering and wicking are
limited in task D.

Task D allows controlled cooling with
properly documented processes.

Additional process requirements are
described for soldering cup terminals.

Use of manufacturer’s work instruc-
tions is required by task G for
installation cf shield termicat.io~s.

-

I

I
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APPENDIX E

TABLE E-I. Task/baseline interrelation (continued).

Baseline
Task Paragraph Paragraph Impact

I

E 5.6.1 4.9.3.6, Additional requirements for preheater
4.9.3.7 capacity are imposed on wave soldering

math ines.

E 5.6.4.1 - None Additional requirements are prescribed
5.6.4,4 for the machine maintenance, control,

and usage.

E 5.6.5.5 4.13.3 Task D imposes detailed preheat
requirements.

E 5,6.5.1, 4.13.4 Task D requires tighter solder bath
I 5,6.5.6 controls,
1

.—
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