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MI L- STD-275E
NOTICE 1

4. :;EN E17AL REoull EtiENTS

4.1 i2esi$n features. The desi]n features of the printed-wiring boards shall be in— ----
accordail~~,ti’ifi tfils stan4arj. OUalitY conformance test :ircui try shall also !Ie
included on the production master. Quality conformance test circuitry shall be
included on each panel and shall be in accordance with figure 1 and 5.9. Test
circuitry shall be not more than 0.5 inch (13 mm) and shall be tIOt less than 0.?5
inch (6.4 mm) fr~m the edge of the printed board. and represents all the
m~nufact” ring processes such as drilling, plating, etching, fusing, grou~dlvsltagel
thermal/mechanical planes or cores,
[Soljer mas{) a~d so forth.

separately fabricated layers, permanent coatings

4.2 Documentation. Requirements for drawing content ,nay be satisfied by direct
deli neaifi~-o~-fi~J rami ng or by reference to other ,jocunents which are part of the
engineering drawing set (see figure 2).

4 .2.1 2eference des~nations. Reference designations of components to he ~.ounted——
on pri ntc~~;~;~;~-~ds , when specifie.j an the naster dra.fing or th? print ed-dirin3
dssembly drawing, shall ~e in a:cgrddnce with IEEE. STO-200.

4 .2.2 Oeviatio~ ~equs.st +“d a~roval. !{hen a deviation to this standard is---—
necessary,

-----
or ~ Feen grdn~id-i” ffi~-initial contract design description, the

contractor (before proceeding further) shall furnish each proposed master dra,iing, or
a detailed deviation request to the Govern,nent .fgency concerned for approval ,+ith
justification for the deviation. If approved, all deviations grante4 shall be
documented on the master drawing.

4 .2.3 ~over”rient furnished ,laster drawfi~?. \ny deviation from this standard or
d rawi n] sha~f-~~~-~;~{-~corded on the Government approved master drawing or a
Government ap?roved deviations list. When new or additional deviations from this
standard or drawin J are necessary, the contractor (before processing further) shall
furnish c,”e copy of each proposed master drawing being revised, or a detailed
deviation .eqt~?st tc the ;cvernne~t tg’?~cy c:nc?r?ed for apprc v?! with justification
for the deviation. If approved, all deviations granted shall be documented on the
master drawing or the ;overn,nent approved deviations list.

4 .2.4 Conflicts. [n the eve~t of any conflict bet~een the approved master drawi, g—-
suppl>menc;~by an approved deviation list, if applicable, and the requirements of
this standard. the approved master drawing and deviatio~s list shall take precedence.

4.3 Naster drawi~. T5e master drawing shall be prepdred in accordance wit$
!200-STO=r~~Li~-include all appropriate detail board requireme~ts (see section 5),
and the follo~ing:

a.
b.
c.
d.
e.
f.

~.
h.

i.

j.

k.

The tjpc, size, an,j shape of the printed-wiring hoard.
The size, location, and tolerance of all holes therein.
Etchback allowances, when required or permitted.
Locdtion of traceability marking.
Dielectric separation between layers.
Shape 4n.i arrangement of both co”4uctors and nonconductor patterns de fine3
on each layer of the printed-wiring board. Copies of the production nasters
or copies of the artwork may be us?d to define these patterns.
Separate views of each conductor layer.
An, and all pattern features not controlled by the hole sizes and locations
shali be dimensioned either specifically.
(see n).

or by reference to the grid system

Processing allowances that were used in the design of the printed-wiring
bodrd (see 5.1.1, 5.1.4, 5.2.1.2, 5.2.2, and 5.2.2.6).
411 notes either included on the first sheet(s) of the master drawing OF by
specifying the location of the notes on the first sheet.
Conductor layers numbered consecutively starting with the component side .is
layer 1. If there are “o conductors or lands on the comDonent side. the
next layer shall be layer 1. For assemblies with components o~ both sides,
the most densely populated side shall be layer 1.

Supersedes page 5 of 31 ?ece:lber IQ84.
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1.
m.

n.

0.

?.

q.
r.
s.

t.
u.
b’.

ldzntificati~n ,norkicg (see 5.81.
Size, shape, and :ac at ion of reference d.?;ignat inn a?4 :?qend ,marki~gs, if
required [see h).
& modular grid :ys ten to identify all qo? es. test ?,>ints, lands. ~nd overall
board dimensions #ith modular units of Isngtb ~f 0.100, ‘3.05’J,0.’325, or
ather multiples of ‘).005 inch in that order af preference. FQr design where
the majority Covponent locations are metric-based [S [), the 5asic ~arlular
units of length shall be ?.0, 1.0, 3.5, or other wltiple; of 9.1 nm i~ that
order of preference. The grid system shall h? ~ppl ied in t-he K .lnd Y 3/.?s
of the Carte:ian coorji~a: ?;. T? ’?.q?id shall not !)e reproduced .?Q the
master dr3.fin3, b,lt may he indicdt?~ usin? gri.1 scal?s or K. Y control
dimensions (see figure 3).
?inens ions for criti cdl p.3ttprn Fe~tures dhich .o.~yzffcct circuit
performance because of distributed i“,luctdncc or capac.itanc? effects #it!lin
the tolerance required for <ircuit performance.
All terms used on the master drdwing shall be in cciniormao,:c.with [h?
definitions of 4NS1/IPC-T.50 or ANSI Y14.5 [see 3.1 3qd ?.?).
Js.vidtions to this standard (see 4.2.2).
Minimum line #idth and spacing of the finished priqterl. wiring board.
!ddainum rd ted Voltsge (maximum voltage between the two none O.Tnectei ddj.3C@fIt
conductors with the yrea test po:ent ial difference) for ty>e 3 hoa. ds only.
Plating and Coatinq material(s) and thickness.
Identification of test points re,quired by the flesign (s?? 5.1.9).
Applicable fabrication specification with date(s). revisit]n l?tter. d?d
a~endment number.

#hen continuation sheets of a dradin] are tused for conductor pattern definition,
they need not be prepare4 o“ standard dr~wing forms provided standard sheet sizes dre
used with standard continuation sheet title blocks in accordance with ANSI Y14.1
located in the lower right corner of each sheet. Iiu,qeric form of end product
inscriptions shall be {n accordance.uith lPC. D.350.

4. 3.1 Hoie location tolerance. Unless otherwise Sq?c ifind, :he lo~dtion of holes...- --- --- ----
s$dll be ~lmenslone~ and to~eranced with respect to single or secondary grid
systems. Each distinctive hole pat:ern (such as.
holes,

plated-through holes, tooling
mounting holes, windows, access holes, and 59 forth), mdy rpqu ire separate

consideration or specification of tolerance. Producibility considerate’3ns are
presented in table VI.

4 .3.2 Process in~ll Owances. The processing allow ~nce; “hi.:+ were considered in-— ----- —_______
the design and artuork preparation for the printed -dirinj b~ar~ shall h.? ,Iocunen ted
.lnd defined on the master drawing in either note fern or by reference to another
dradinu which contains artwork re~uirenents or specifications. This information..––
shall be expressed in terns of the naximun
con,luctor uidths an~ Spdcings and what ,nay

I in reference to the driiled or plated hole
other feature conditions considered in the
end-product and artwork con fiyuratio~ pl~y

I print ed. wirinj board.

varid’tion hetn’eeq the ?nd. product
appear on the drteork; the minimum land.
and what may appear on the artwork: or any
design #here til? variation betweeo
a role in the producibility of the

4 .3.3 Oat”ms. There shall be a minimum of two datum features to establish the------
mutually perpendicular datum reference franc for each board. These ,Jatums shall be
established by at least two holes. points, symbols, or other datu~ features. but n~t
edges. Critical design features may require the use of nore than one set of ddtum
references. The master drawi”q shall establish the relationship ~nd acceptable
t~lerance between ali datum features. All datum features shall be located on grid or
estdblish grid criterion, ~s defined on the master drawing, and should be on or
within the outline of the printed-wiring boards.

Supersedes page 6 of 31 Oecemhcr !?R4.
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5.7.5 now and tuist. lJnlessotherwise
and twist shall be l.f percent.

$IIL.ST9-?75E
NOTICE 1

specified 01 the master drawing. tbe maximum allowable bo~

5.8 Detail board markin? requirements. Ifldividualprinted-wiring boar4s and quality conformance
test circuitry shall be identified in accordance with the master drawing and MIL-STO-130. Provisions
shall be made in the design for locating the traceability and date mdrkings that ~re additionally
required by the fabrication specification. The methods and materials for aarking Shall be specified
on the master drawing. If ESO marking is required at the board lev?l, it shall be specified on the
master drwing. :4arkingshalI be of a contrasting color to the background.

5.9 Quality conformance testing circuitry. The q,lalitycooformd~ce test circuitry, comprised of
tilecoupons shown on figure 1, shall be a part of every Paflelused to produce printed-wiring boards
that are designed to this standard. The minlmun number of co,uponsper panel and the requirements for
positioning will be i? accordance with table V. Coupo?s A, B, and F shall be positioned in accordance
with 4.1 and fig,lre17. 411 other coupons may be positioned at optional locatio~s. All coupons
required shall he shown on the master draaing, artwork, and production master.

1 Coupon
type

-

I Nicro;ection

-
3

I Xicrosectioa

TABLE V. Conformance teSt circuitry.

Type 1 I Type 2
board board

I

Not required I Three per panel. Opposite
I corners location fixed by
I artwork (see figure 17).
I Location of third optional.

Twice per panel opposite I Three per panel. Opposite
corners location fixed by I corners location fixed by
artwork (see fig,ure17). I artwtirk(see figure 17).

c I Once per panel location I Once per panel Iocatian
Plating I optional pattern defined I optional pattern defined

I by artwork ~ 5Y artwork

c 11 i Once per panel location i hce per pa~el location
Insulation I optional pattern aefined I optional pattern definej
resistance I 5Y artwork I by artwork

I
I

:2/1 Wt required Not required
Registra~ion I I

I I

J I When required, once per I U%?n required, once per
Solder mask I panel with solder mask I panel with solder mask

I location optional I location optional
I pattern fiKed by artwork ‘1pattern fixed !syartwork
!

TYP.S3
board

Three per panel. Opposite
corners location fixed by
artwork (see figure 17).
Location of third optional.

Three per panel. Opposite
corners location fixed bv
artwork (see figure 171.-
L9c?tic!!!Sf t!lir4optimal .

Once per panel location
optional pattern defined
by Srtwork

Mce per panel location
optional pattern defined
by artwmk

Twice per panel opposite
corners location fixed by
artwork (see figure 1)

#hen required, once per
panel dlth solder mask
location opttonal
pattern fixed by artwork

~1 If the panel hd5 solder mask, the E coupon shall be covered with the solder mask.
Clearances of 0.010 *0.005 should be provided for all surface lands.

~1 Registration coupons are optiondl and may be used in lieu of microsection evaluation for
registration.

Supersedes pa~e 17 of 31 Wcember 19Sd.
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MI L.s Tu.275E
N’3TIC.C 1

6. 2ET41L PART MOUNTING REg JIilEMENTS
—

6.1 Approved methods of attachment. Component leads shall Dass thro,jgh lead—.
CO IapOne fi~-hfi~~-; ;~-fi-~~~h~~O r the component L.?rminlls or leads shall be surface
noun ted to the la?d pattern. Part detachment shall be described on the assembly
Jra#ing followin~ the methsds specified in 5. 1.2 through 6.1.5.4. Gener31 n?unting
requirements shall 5e as specified in 6.1.1.

5.1. I Unclinched }~~d>. Un}ess otherwise specified, tl!sc)inched’leads (either
straight ~F-ii%=~ bent for retention) shall be soldered in component holes or
eyelets in accur:iancc +ith IPC. S- fl15. If no cli~ching requirements are specified o“
the ds$t!:nbly dra.fing, ,u~clinched lead tr?r,ainatio,lshall lpply.

5.1.1.1 in unsupported holes. Lead tip projection shall be requir?d to extend
fro,n !).02’J7~~~rIJ~-mmT nlnlnun to 0.060 inch (1.5 mm) naximu? from the s,,rf,sce of

-- ------

the foil.

5 .1.1.2 In plated-through or eyel?tted holes. The Ieaj stall >e required to
er.terfd at l;~;F-F6-Efi=-;~FT~_6F the pratln.] or rim of the eyelet and extend no more

-- —-. -------

than 0.06u inch (1.5 nn] from the pliting s“vface or eyelet. The strajgbt. thro,,gh
leads on connectors shall extend from -.009 to +.376 inch from the plating surface or
eyelet.

6 .1.2 Clinched leads. When mdxinum mechanical retention of a lead or t.?rmi”al is
required ~~-d=~~.~ii~fi~ lead or terminal shall he clinched. The component holes may
3e plated-through holes, unsupported holes, or eyelet ted holes. clinching
re~uire.aents shall be defined on the assembly dra~i”g. The lead e“d shall “ot extend
beyond the edqe of its l.a”d or its electrically connected conductor pattern in
vitslatioo of tie ,ninirlu:nspacing requiveqent. ?drt ial clinching of leads for part
retention shall be considered under the req”ire:nents of 6.1.1.

6. 1.3 >Urface t?rni nated ribbon leads. Flat-wire ribbon leads may be attached to
lands on tfi-n~fi~~%w!rlng Isc.ar.T. n-c. !cns zht!!

-..-.---—-- --- ~.j-~-.,. h: n,Ide 51 jqldering only. Tile
contact area between a!Iy lea~ a“d land shall be not 1sss than a square having each
side equal to the nc.mi”al width of the lea.i (se? figure 9). Mini’nun conductor
spdcing indicated in 5.1.4 shall be maintained. Attachment details may be co%veyed
by an assem!Ily drawing reference to IPC-S-915 (seo figure 18). For additional
mounting not?s a“,i considerations s?e 6.2.11.

5. 1.4 Surface terwimaced raund leads. Uith prior approv>l by the government__ —.-. —- .---— —
dcquirin J actlvlty, designs may stfin~te that ?arts shall be attached with their
round leads soldered to surfac? terminals (lanrls) without first passi”q thro,,gh a
hole. The Idnds shall be designed with proper s.h.sp?and sp.s:ing to comply with
proper soldering techniques (see IPC-S-915).

6. 1.5.1 ~omponfnc attachment to standoffs. Component ~ttachment to standoff
terminals,

--—--
sT=TT-bF-7>TTiiF’J%;_TFF assem~T~-drawinq and meet the requirements of

IPC-S.815. Placement of terminals shall be specified to suit each application.

6 .1.5.2 Attach!nent_~~->~<~~g~fs _~&@r~>. A t“erminal of the funnel flanjed type
shall be $,p~:w;?~erever the ~Fange must he soldered for electrical connection to
a ldnd. The included angle of such flange shall be be.twee? 35 a“d 1?0 degrees.

6 .1.5.1 [~elets. Eyelet applications ase$ in design shall >e in compliance with- -----
the following:

.4ttdchmcnt reguiremen Ls - I“terfaci.sl connections shall not ?e ~ade with___ -- —__
eye~ets. ~~~]~~~~~~~~]led at ~“ ~lectri~a]lY fu”ction~l land shall be required
to he of the funnel flangC type.

6 .1.5.4 Fastp”in~ hardware. The installed location and installation orientation----
shall be pr~;t;i~~if on tfi~-~~sembly drawiny for any fasteninq devices such as rivets,
.ndchine $Creus. washers. insert$. nuts. and hracketinfl. Precautions such as the

I
specific atio~ of tiqhte”iny tc.r~ue valies sh.sll he pr; vi ftcd wherever general assembly
>rdctices might he inadequate or detrimental to the hoard assembly’s str”ct”rc or
functioning.

Supersedes pd,>e 18

1------
of 31 flecember 1984.
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.41L- ST U-275E
u!lTICE 1

The following are requirements
col;fde~lH#ti;;TW%g#~~;bly dr,stii.g in specific notes or
such electrical parts, hereafter referred to as components, !hali

he designer s4all
Illustrations. All
also be s:le.cted so

as to withstand the vibration, mechanical shock, humidity, and other environmental
conditions the design nust endure when the conp~nents are installed in accordance
with 6 .2.1 through 6. ’2.14.

6. 2.1 One side only. Parts shall 3e no”ntel on only one si 4!? of the.- .-—---- —
print ed-wlrlnq bodr~. assembly whenever possible.

6.?.2 Accessibility. Lands and terminals s$all be located and spaced so that the.—--- -.— -
ter.ninatlons or eac~ compo~ent are not obscurej by any other component, or b] any
other perma~ently installed parts. Each comp?nent shall be capable of b?ing removed
from the assembly without having to reinov? any other component.

5. 2.3 @2rI envelope. Unless otherwise detailed on the assembly drawing, the——-. —
board edge is regarded as the extreme perimeter of th! assembly, beyond which ?a
portion of a component is allowed to extend. The desig~er shall prescribe the l?sign
envel ape with due respect for maximum part body dimensions and the mounting
provisions dictated by the board aqd assembly documentation.

6 .2.4 ~3er conductive dre~>. Ilo parts shall be mounted in direct contact #ith
external Co fiuctor areas unress required for thermal dissipation. If desi n

?limitations require placement of parts over conduct iv? areas, the part sha 1 be
mounted so that subsequent insulating coating will cover the conductive area under
the part or conductive areas under parts shall be insulated or protected against
moisture entrapment hy applying con formal coatilg or a cured resin coating hy
ldmin~ting Iow-flo# preprey material in accordance tiith MI L-P-13949, or by solder
,nasking over the area prior to mounti”q the part.

6. 2.5 Thermal transfer. Components ,-— ___ which. For ther,nal reasons require extensive
surface cn. tact wltfi the board or .+ith a hejt sink m$onte,! Cn :!IC board, Z$CI! >C
protected from processing solutions ~t the c0~4uctive interface.
entra Drnent,

To preve~t risk o?
compatible materials and ,methods shall be specified to seal the interface

from entry of tort-osive and conductive cont,+min.jnts.

:d13TE: Even totally nonmetallic interfaces that are prone to entrap fluids can
nave adverse effects on the fabricator’s ability to pass required
cleanliness tests.

6. 2.6 Components dissipating one or ~ore xatts. Design for heat dissipation of-—--—
component ~-?ii;lr Insur: FKiT_ &;=;iiiii%l_==Te temperature of :he board ms.teria,
is not exceeded under operating conditions specified in 5.6. Heat dissipation nay he
dcco,npl ished by requiring a gap between board and conponent, using a clamp or thermal
,aounting plate, or attdching a conp~tisle, thermally conductive ~dterial w~rking in
conjunction *ith a thermal bus p\ane to the component.

6. 2.7 Stress relief hen~~. Lands dnd terminals shall be located by design so that——-
components can be mounted Or provided with stress relief bends in such a manner that
the leads cannot overstress the part lead interface when subjected to the .snticipated
environments of temperature, vibration, and shock of 141L- P.281109. The lead length
for stress relief a~d lead bend radius shall ae in accordance with figure 19. !dhere
le.sd bendin.j cannot be in accordance with figure 19 in order to achieve rtesigq goals,
the bends shall be detailed on the assembly drawing.

‘“2”’‘~e=ma’-~”%-”All parts weiqhing g.25 ounce (7.1 g) or more per l?ai
( .04-inch Jlametefi s~a T be S.UDPOrt@d by clamps or other specified means w+ich will
insure that the soldered joints and leads are not relied upon for mechanical strength.

‘“’”9‘Q~L=’sadedF=” 4xial -leaderi parts shall be mounted as sp.?cif{’?d or! the
aPPr0ve4 asse~bry= ng and MOunt P4 so that d portion of the body is .SS close to
the printed-wiring board as possible. The leads shall be shaped in accordance with
6.2.7. This does “ot apply to parts mounted on standoff terminals [See 6.1.5.1).

5uPersertes pa9e 19 of 31 9eCember 1904.
IQ
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:41L- STLJ-275E
IN01 ICE 1

5. 2.9.1 perpendicular mount in~. 4si31.l?,]’led components weighing less than 0.50--------
ounce (14 jr may be muunt~~~~he assembly using perpcndicalar mounting criteria.
The Assembly drawinq shall Drescribe J vini>ul of 0.01S inch [0.38 mm) space between
the end of the CD’nponent body [or the lead-weld) ~nd the bod rd. Unless otherwise
na ted on the assembly drawing, components required to he perpenfl ocularly, moun ted
shall be installe~ with their major dxi S within *15 degrees of d right angle with
bolrd surface. The nanimwn vertical hei3ht from the board s.IJrfdce shall 5e 0.55 inch
[14 mm) (see figure 23).

6.2.13 lNona,ial. l:dded parts. Nonaxial. leaded parts shall be mounted with the-- ----
surface fr;~-~~f~6-~h=~eai pro Jects a minimum of 0.010 inch (0.25 mm) above the
printed-wiring hoard surf ace,. Dimensioning of the required spacinq under these
COm P0nent5 is Jenerally not required unless the component packaqe design could result
in an assembly error”. For thermal considerations see 6. 2.5 and 6.2.6.

th~~~”~~ more%~u~~~iept m“r~;~~e leaded components mounted to thermal planes or
i~qlti le.leaded_~gj~~gnents. t4ultiple- leaded components (Components with

heat sinks, shall be mounted in such a nanner that components are spaced off the
hoard to facilitate cleaning, provide electrical isolation, aod to prevent moisture
traps. The necessary gap may be prescribed as an exceptional fabrication requirement
by identifying the subject component and prescribing the required underbody clearance
dimeos ion, or the gap may be achieved by virtue of the component’s own standoff
features. Unless otherwise specified. a clearance of !3.01i3inch (0.25 mm] mininutn
applies.

5.2. 11. I @rs. Special spacers (such as feet, ribs, or projections) with
min inal contact m~ be prescribed tg go lunder the component, provided they will not
imp,sir ;oldering or the assembly’s performance.

6.2. 11.2 Seal in~. The n?ed for a gap ~etdeen component body and board may be
avoided” by r<.?iii~ng the interface under t+e Component to be sealed with adhesive or
a COmbindti Ofl of adhesive and insulation nateri al. which is comoattble with the
board, parts, and con formal coating. This o~tion exists only if all lead
terminations are external to the seal. Repairability shall not be precluded by the
method or nater ial select i~n.

6.2.12 Surface mounted components. The requiremc”ts and considerations of 6. 2.4.-. -—— ————
apply to this class of components. Space for cleaning shall be provided to reduce
2ntrapme”t,

6. 2.12.1 Flat -~ack types with rib>on leads.—--- _- Leai forming is a najor design----—-
consideration and sha~~-n~~r~fin the assembly drawing to provide for lead
stress relief, fit to the land pattern, underbody clearance for cleaning, and any
4esijned-in provisions for thermal transfer (see figure 18 and 6.1.3).

6. 2.12.2 Chip carrier types. Leadless components may b? attached to the svrface
of a land. fii; ~;.;~ofi~~ii~~l be attached to the land of the prfnted-ii ring board
in a way that provides sufficis”t space under the body of the component to facilitate
c le an in.]. Land pattern design shall facilitate ddequate solder fillets between the
conductor pattern and the component.

6. 2.12.3 End-cap discrete<g~negs>. End-cap discrete resistor and capac<tor
components dfia-~~~fr.i~~iess en~cap discrete components shall be mounted to
?r in ted wiring or printed circuitry. The devices shall not be st..tcked nor shall they
bridge ;pacing bet~een other parts or components. such as terminals or other
properly-mounted components.

6. 2.12.4 Surface mountiny of flatt?ned round leaded com~nents. Components with------- -
axill leads 6T-F6i;3-EF6FF~sect10ns sfia~-FF;fiTTZFJ-~67 sufiiiF mounting only if
the leads are coined or flattened for positive receding. For flattened round leads
with original diameter of 0.025 inch (0.635 mm) or greater, the flattened thickness
shall be 70 percent of the original diameter, minimum. For leads with an original
diameter less than the 0.025 inch (0.635 mm), the flattened thickness shall be 50
P5r Cent Of the original diameter, rnini,num. The body of a planar mounted axial leaded
component should be spaced away from the board to facilitate cleaning.

Supersedes page 20 of 3[ December 1?84.
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f41L.ST O-275E
MOTICE 1

6.2.13 Two-part connectors [plug~~d receptacle). Two-part connectors containing.----- —- ____
male and fema~e qulc~~lsconnect =ecfi=-~iifi~ts and integral a}ign in.] hardwar?
to assure proper mating nf the contacts shall be specifie4 lS the only means to
integrate plug-in Print ed-wirinq as~emi lies. Their attachment and nountin~ metho4s
lre subject to the design concerns of 6.1, 6.2.3, and 6.2.4. 003rrl connectors may >+
uniquely keyed in such d manner only i?sertioa of the proper assembly is possible.

6.2. 13.1 !4ires. U:e of hard wirinq directly to pluq in connector nounted-----
printed-wiring boar,t assemblies shall not be permitted. Plug in assemblies shall
have all external ~lectrical connections accompli she,j through the ouse of two-part
Connectors.

6.2.14 J&m&r uires. .Jumper wires nay be used on type; 1, 2, Qr 3 print ed-wirinq——
board assemblies. Jumper Aires shall be terminated in holes or standoffs. Th?y m.3y
also be ter!n(nated on lands with prior approval of the government acquiring
activity. Jumper wires shall be considered a component. Jumper wires shall b? as
short as practicable and shall not be applied over or under other replaceable
components (including jumper wires). Jumper wires must be permanently fixed to the
printed-wiring board at intervals not to exceed 1 inch. Jumper wires less than 0.50
inch in length whose path does not pass over conductive areas and does not violate
the spacing requirements [see 5.1.4) may be uninsulated. Insulation, when required,
or jumper wire5 shall be compatible with the con formal coating.

6.3 Con formal coatig. The de:ign criteria cont~ined in this standard are
predica~~=ri-~ii= ~iiirement that end item assemblies shall be Conformably coated.
Solder mask shall not be used in lieu of con formal coatin~.

Printed-wiring assemblies shall be conformably coated with a
co:;:;; .%F;##F%”co”forms ,0 NIL-I-46058. The coating shall be apol ied to bgth
sides of the cleaned print ed-wirin3 assembly i~cluding the part leads. The type of
Con formal coating shall be listed on the assembly 4rdwing.

6.3. 1.1 Surf.tees to be free of coati~l. Surfaces specified on the aPPr0ve4--— -—- -- -—-—-
assembly draulng to ~? fi;~-;~ con FormaT coating shall 5e $,~itdbly nask.?d and
protected from coating, coatiflg residues, and masking residues. The masking material
used shall have no deleterious effe Cts on the printed-wiring boards. Printed-wiring
assemblies !IavinJ adjustable components shall not have the adjustable portion c~vered
with coating. Electrical and mechanical mating surfaces. such as probe points, screw
thraads, b~arinj surfaces [e. g., card quides). and so forth shall not be C>a ted.

6.3.2 Cleaning a?ents. Cleaning a3ents and techniques shall have no deleterious-. --—
effects on any part of the print ed-wirin3 assembly.

6. 3.3 Compatibility_. The con formal coating shall be compatible ~ith al_ _—.
the print e~-wlrlng Sssembly.

6 .3.4 Thickness. The thickness of the con formal coating shall be as fo
the type ~=~, when measured on a flat unencumbered surface:

parts of

lows for

.3. Types ER, UR, ~nd AR: 3.003 ●0.002 inch (0.08 19.05 am].
b. Type S2: 0.005 *O. OO3 inch (0.13 *0. Oa mm).
c. TyPe XY; 3.0005 to 0.130? ihch [0.10 to 0.05 mm).

6 .3.5 ~~~tric~~~erformance. Printed -wirinq assemblies shall be constructed,----—- ---
adequately ma~~, or otherw]se urotectt?d in such a ~anner that application of
con formal coating does not degrade the elect ~ical performance of the assembly.

6 .3.6 Buffer material. If component(s) on t~e print ed-ui ring assembly are made of----=
brittle mdterl~~~or ceramic). they shall be protected a’jainst breaka~e by a
buffer material before applying the can formal coating to the assembly. The buffer
material shall be a thin, pliant material such as polyvinyl idene fluoride,
polyethylene terephthal ate, or silicon rubber, and be nonreactive with the con formal
coating material and all parts of the printed-wiring assembly. The buffer material
shall be fun.3uS resistant and flame retardant, and clear or transparent, so markings
on the components are visible.
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Uhen con formal coating types SR,
bu~i~;’~lteW&~lqufred. Buffer material will be required for type ER. -

XY, UR, and AR are used,

NOTC: Board designers are cautioned to consider that buffer material vay be needed
when allocatin~ space and locat{on for components to be mounted on
printed-wiring boards covered by this standard.

All printed-wiring assemblies s4,all be supported within a maximum of

I
1fi;h?’?%%)of the edges on at least two opposite <ides. Support shall be
sufficient t’o prevent fracture or loose nin~ of the foil or breakage of the parts or
part leads resulting from flexing of the printed-wiring boards.

6.5 Oetailed assembly markin~s. Completed printed-wiring assemblies shall b?— —--—marked iii accordance with the as~embly drawing and t!iL- STO-1]0 with their full
identification. Printed-wiring assemblies which contain electrostatic discharge
sensitive devices shall be marked in accordance with DOO-STD-1686. The marking shall
b~ etched or applied by the use of a permanent ink which will withstand assembly
processing. Additional markings if required shall be specified on the assembly
drawing.

i

Supersedes page 22 of 31 December 1984.
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APPENDIX

I

10. SCOPE

10.1 Purpose. This appendix
boards.

Zo . OESIGN CONSIDERATIONS

is for guidance to the designer of printed-wiring

20.1 Design process tolerances and allowances. The data in table IV shall serve
as a guise Concernlny the tolerances and all owances used in the design process. Oue
to tolerance buildup, the tradeoffs involved in arriving at the permissible limits
for each particular tolerance for a particular design should be recognized. This
data is intended to show the increasing difficulty of producing boards with tighter
tolerances, but does not express the limits attainable or permissible for any single
aspect of board design. This data shall not be interpreted as end item board
requirements.

20.2 Board dimensions. Extreme length-to-width ratios should be avoided.

20.3 Dimensional stability. Hhile M[L-P.13949 limits the allowable dimensional
change o~ the thin lamlnate, consideration must be given to the fact that during
processing, the thin laminate may either expand or contract within these limits, and
in addition, the change may vary across different port{ons of the board. The result
may be misregi strati on, and bow and twist beyond that which would be expected from a
simple dimensional change.

20.4 Dielectric constant and dissipation factor. When desfgning circu{ts which
depend on stable dielectric properties, conslderdfion should be given to the fact
that M IL-P-13949 sets forth only a maximum for these values and that some materials
uhich meet the thin laminate specifications will have values 15 percent lower than
the specification requirement.

20.5 Surface preparation of large conductive areas. The adhesion of prepregs and
other polymers, such as solder ❑ask to large conductive areas, mdy be improved
through the use of special materials and surface preparations. The use of adhesion
Dromoters, such as oxide treatments and double treated cop Der may improve the bonding
of type
prevent

20.6

a.
b.
c.

d.

e.

I f.

9.

h.

3 printed-wiring boards. A protective chemical tihatment may be required to
d reaction between the copper surface and the polymer coating.

High voltage factors [considerations):

Encapsulate with void-free potting materials, well bonded to all surfaces.
Avoid sharp projections.
Arrange conductors so that high and low voltage groups are separate from one
another.
Provide rounded corners on electrical conductors and ground planes next to
energized circuits.
In ac circuits, check adjacent conductors for instantaneous voltage
differences between them.
Con formal coating should constst of at least three separate layers, with each
layer applied at right angles to the previous layer.
Solder terminations on the, printed-wiring board ❑ust be smooth and even with
no projections from the component lead or solder spikes.
Standoff terminal connections must be solder balled. The radius of the
solder ball should be at least 1/6 of the spacing between the solder ball
and adjacent high voltage circuit or ground plane. When large spacings are
involved, the solder ball should be at least .125 inch (3.1 mm) in diameter.

Supersedes page 21 of 31 December 1984.
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TAOLE VI. Composite board design guidance.

/
I I I Reduced I

Preferred I Standard I producibiIity
I

I
I I

iNmber of conductor layers
I [maximum n). - . - - - .
\Thickness OT total board
I [m.axiiwm)[inch]. . - . .
l130ardthickness tolera”c~ .
lThicknes$ of dielectric
l {minimum) --------
lMinimum conductor width (or
I figure 4 value, whichever
I is greater)

Internal- - - - . . - -
I External- - - - - - - .
[Conductor width tolerance
I Unplated 2 oz/ft2 - - - .

I Unplated 1 oz/ft2 - . - .
I
I Protective plated

[metallic etch resi5t
I over 2 oz/ft2 copper) -

lf4inimumconductor spacing
I (or table 1, whichever
1 is greater) -------
lAnnular ring plated-t.hr@@
I hole (minimum)

Internal-”.”- - . - . - i
i External- - - - - - - - I
lFeature Iocation toleraoce I
I (master pattern, material I
1 movement, and registration

Longest board dimension I
! 12”0r less ------l

Longest board dfnwnsion I
I 0ver12”-. .--.--l
lMaster pattern accuracy I

Lonqest board dimension I
12”0r less ------l

/ Longest board dimension I
.3ver12”--------l

I Feature size tolerance- I
lBoard thickness to plated I
I hole diameter (maximum] . I
\Hole location tolerance I

Longest board dimension I
I 12”0r less ------l

Longest board dimension I
I Over 12”-------- I
lUnplated hole diameter I
I tolerance (unilateral)

up to 0.032(0.81) - - - I
i 0.033(0.84)-0.063(1.61) 1

0.064(1.63)-0.168(4.77) I

See footnotes at the end of table.

1
I i I

6
/

12
I

0.100[2.54) I 0.150(3.81) !
I*102 of above .G+mirksl,Or 0.00?(13.18):
I

0.008(0.201

0.015(0.38)
O.ozu(o.sll

+0.004(0.10)
-0.006(0.15)
+0.002(0.0s)
-0.003(0.08)

+0.008[0.20)
-0.006(0.15)

0.020(0.51]

0.008[0.20)
0.010[0.25)

0.008(0.20)

0.010(0.25)

0.004(0.10)

0.005(0.13)
:0.003(0.08)

3:1

0.’005(0.13)

0.007[0.18)

0.004(0.101
0.006(0.15]
0.008[0.20)

i 0.006(0.15) i

I I
I I
I 0.010(0.251 I
I 0.015(0.38) I
I
1+0.002(0.05) /
I-O.005(0.13) I
1+0.001(0.0251 I
1-0.002(0.05) \

1
I

20 I

0.200(5.08) I
whichever is greaterl

I
0.004 [0.10) I

/

0.004(0.10) I
0.004(0.10)

I
+0.001[0.025) I
-0.003(0.08)
.0.001(0.025) I
-0.001(0.0251

/
I I
1+0.004(0.10) 1
I-O.OO6(O.1O) I

I I
I 0.010(025) I

I
+0.002(0.05)
-0.004(0.05) /

I
I

0.005[0.131
I

I
I 0.005(0.13) ! 0.002{0.05) i
I 0.008(0.20) I 0.005[0.13) ~/ I

I 1

/ 0.007(0.18) I
I

I 0.009(0.23) \

I 0.003(0.08) ~
I

I 0.004(0.10) I
1*0.00210.05) I

I 4:1 I
I

I 0.003(0.08) i
I

I
1 0.00510.13) 1

i
I 0.003(0.081 ~
I 0.004(0.101 I
I 0.006[0.15) I

I
I

0.006(0.15) I

0.008(0.20)
/
I

0.002(0.051
/

0.003(0.08) I
~o.ool(o.025) I

5:1 /
~

0.002(0.05) ~1 I

0.003(0.08) jl I

I
0.002(0.05) I
0.002[0.05)
0.004(0.10) I

—.
I

Supersedes page 24 of 31 Oecember 1984.
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COUPON” “c”

$+!?!’+ “fl
.200

= F
070

—

?W!w OF I

SURFACE
LAYERS
TYPE 1, 2, 3
BOARDS

TYPICAL Of
INTERNAL
CIRCUIT
LAYERS
TYPE 3
BOAROS

See Note 12

FIGuR[ 1. Quality conformance test circuitr~.

77

.020
3 “020--l1-

TYPICAL OF
Il{TERtlAL
PLANE
LAYERS
TVP[ 1
LIOAR05
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7300K {
E

T
● ● “150
● ●
● ●Tf
● ● 1.000

● s
TYP

J

L -1
LAYER 1 OF
TYPE 1, 2,
AND 3 BOAROS

TYP

COUPON “E”
.020

+ +.020

1
2

●

LJ
LAYER Z OF
TYP[ 2 A11O
3 BOARDS
TYPICAL OF
INTERMAL
.-!..,,,,.,..”!4
LAYERS

See Notes 8, II, and 12.

‘COUPON “ J“

t—— 1.000 ---SD..

Inches mm
.020 0.51
.050 1.27
.070 1.78
.000 2.03
.150 3.8)
.?00 5.08
.300 7.6?
.500 12.70

I.000 25.40

I 4 !--p:

r
.500 — SEE NOTE 25

L -i-
5URFACE :;: J
LAY[RS ONLr
TYP[ 1. 2
ANU 3 iJOARDS

See Nutes 12 and 16.

! FIGURE 1. tiality conformance test circuitry - Continued.

7

TYPICAL OF
lNTERNAL
PLAN:S OF
TYPE 3
BOARDS

Superseae5 page 28 of 31 OecemOer 1984. ?R
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NOTES:
1.

2.
3.
4.

5.

6.

7.

8.

9.
10.

11.

12.

13.
14.

15.

16.
17.

18.

19.

20.

21.

22.
23.

24.

25.

Test coupons are to be identified with the following:
a. FSCM of board manufacturers.
b. Part number and revision letter of master drawing.
c. Dodrd traceability.
d. Lot number.
Dimensions are in inches.
Metric equivalents are given for general information only.
Unless otherwise specified, all conductors shall be .020 inch (0.51 mm)
*.003 (0.38 mm) #ide.
Unless otherwise specified, the tolerances shall meet the requirements of
this specification.
IJnless otherwise specified, the ,nioimum land dimension shall be .070 inch
(1.78 nm) :.005 inch (0.13 mm) and may represent the land shape used on the
associated board. Holes in the land areas shall be the diameter of the
sma! lest component hole in the associated board [see note 101.
Coupons for surface layers or internal layers :hall be representative of the
tYPe Of CirCU itrY on the associated layer. Any layer with large copper
planes shall use the appropriate plane coupon where applicable on the layer
that iS being represented by the coupon.
The lengths of coupons E a~d F are dependent upon the nuaber of layers in
the panel
intentionally left blank.
For coupons A and (1, the mininum lan’1 dimension and shape shall be that used
on the associated board. The hole shall he the maxi~um used in this minimum
land dimension.
For coupon E, a pair of holes, a~d the conductor width and sDa Cin9 shall be
.025 :.005 inch.
The quality conformance test circuitry may he segmented; however, COUPO”S h,
B, and F, when required, must be joined together. Coupons C. E, and J nay
be arranged to optimize board layout. 411 test coupons illustrated when
required ,nust appear on each panel. The number nf layers m,jst be identical
to the associated board.
Etched letters on coupons are for identification purposes only.
The number of layers shown in these test coupons are for illustration
purposes only. Conductor layer number 1 shall be the first layer on the
compone~t side, and all other conductor layers shall b? couq ted
C0n5e Cutively downward through the laminated board to the bottom conductor
layer which is the solder side.
For coupon F, the design is optional, vrovided the coupon defines the
relationship of the features o“ each conductor layer to the board datum.
For examples of coupons used for registration evaluation of type 3 boards.
Coupon J is only required on board surfaces to be solder mask coated.
Spacing betw?en coupons may be modified to accommodate tooling holes used
for automatic and for multiple mount{ng micro sectioning equipment.
The land dimension should represent the smallest land used for a component
hole or via hole in the associated board.
The holes in the lands should be the diameter of the smallest component hols
or vid hole in the assoc.s ted board.
The inside diameter of the circular lands s?~uld be design dimension minus 2
K .002 inch. (Additional allowances may be made for the etch allowance used
in the associated boa rd.) .
The clearance hole in the ~l~nes used for the specific layer evaluation
should be design dimension minus 2 x .002 inch. All other clearances should
be a minimum of design dimension plus ? x .002 inch. (Additional allowances
may be made for the etch allowances used in the associated boa rd.)
The conducto~ dimensions should he representative of the associated board.
The coupon may be reduced or extended to accommodate the number of Iavers in
a type 3 board.

.

If continuity exists between commonly number lands. the board does not meet
the minimum annular ring requirement of 0.002 inch.
O.irk areas represent metal.

FIGURE 1. Quality conformance test circuitry . Continued.

I Supersedes uage 31 of 31 Oecember 1’984.
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ASSEMBLY DRAWING ~ - ~~youT

.— -—--- J

SCHEMATIC OIAGRAM

— ELECTRONIC COMPONENTS

REMOVABLE HARDWARE (SCREWS , NUTS, ETC)

ASSEMBLY PROCESS SPECIF I CAT ION

TEST SPECIFICATION

— ASSEMBLY MARKING REQUIREMENTS

MASTER DRAWING
J

MATERIAL

FABRICATION PROCESS SPECIFICATION

PERMANENTLY ATTACHED HARDMARE
(TERMINALS , RI VETEO-ON BRACKETS, ETC 1

BOARO MARKING REOU IREMENTS

~-_-—.—-

X ARTWORK MASTER PRODUCTION MASTER ‘

I .—- .—. J

I

I
~-—-—-—- 1 i

L.-

-L

ARTVORK ‘

r

—— ___ _
CNOT RETAINED I
-—.—-—-

+ Includes circuit and silk screen masters.

FIGuRE Z. Block diagram depicting typical printed-wiring drawing relationships. J’

I

Supersedes page 32 of 31 Cecmber 1984.
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MIN
ANNULAR

FIGuRE 11. Minimum annular ring.
lExternal)

Type 2 or 3 boards.

d
‘1

Inches MU
.002 0.05
.005 0.13

*.002 MIN

A

Ff90”

.00~ MIN

l-” RING
.002 +

m i @7~I
FIGuRE 12. Minimum annular ring.

jinternal)
Type 3 boards.

MIN

SHAVED

NOTE5:
1. Dimensions are in inches.
2. Metric equivalents are yiven for general
3. Radii are permissible at the junction of

ELONGATED

information on)y.
lands and conductors.

FIGuRE 13. Examples of minimum annular ring dimensions.
(External)

I $upersedes page 41 of 31 December 1984. al
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411B
TERMINAL AREA BEFORE TERMINAL AREA AFIER

DRILLING ORILLING

FIGuRE 14. Ground plane lands (typical).

Plated-through hole Unsupported hole

[

.028 Inch (0.71 mm) NAX .020 inch (0.51 m) NAX
A+B=

.006 Inch (0.15 nun)MIN .006 Inch (0.15 mn) MIN

FIGUR[ 15. Hole diameter fOr flat lead.

Supersedes page 42 of 31 Oecember 1984.
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