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 NOTICE 1

4, GENERAL REQUIREMENTS

4.1 QVesign features. The desijn features of the printed-wiring boards shall be in
accordanié with this standard. Quality conformance test circuitry shall also he
included on the nsroduction 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 not less than 0.25
inch {6.4 mm) from the edge of the printed board, and represents all the
manufacturing processes such as drilling, plating, etching, fusing, ground/voltage/
thermal /mechanical planes or cores, separately fabricated layers, permanent coatings
(solder mask) and so forth.

4.2 Jocumentation. Requirements for drawing content may be satisfied by direct

delineation on the drawing or by reference to other documents which are part of the
engineering drawing set (see figure 2).

4.2.1 Reference designations. Reference designations of components to he =ounted
on printed-4iring bonards, when specified on the master drawing or thz printed-wiring
assembty drawing, shall ne in accordance with IEEE-STD-200.

4.2.2 ODeviation request ind approval. When a deviation tn this standard is
necessary, or has béeén granted in EtRe initial contract design description, the
contractor {before proceeding further) shall furnish each proposed master drawsing, or
a detailed deviation request to the Governmnent Agency concerned for approval «ith
justification for the deviation. [If approved, all deviations granted shall be
documented on the master drawing.

4.2.3 Government furnished naster drawings. Any deviation from this standard or
drawinj shalf have been recorded on the Government approved master drawing or a
Government approved deviations 1ist. When new or additional deviations from this
standard or Jrawinj are necessary, the contractor (before processing further) shall

ter drawing being revised, or 2 detailed

furnish one copy of each proposed master d: being

Wi

for the deviation. |If anproved, all deviations granted shall he documented on the
master drawing or the Government approved deviatioans list.

4.2.4 Egnflicti. In the event of any conflict between the approved master drawing
supplomented Dy an approved deviation list, if applicable, and the requirements of
this standard, the anproved master drawing and deviations list shall take precedence.

4.3 Master drawing. The master drawing shall be prepared in accordance with
00D-STOZTI0, shalT include all appropriate detail board requirements (see section 5),
and the follasing:

. The tyoe, size, and shape of the printed-wiring hoard.

The size, location, and tolerance of all holes therein.

Etchback allowances, when required or permitted.

Location of traceadility marking.

Nielectric separation between layers.

Shape and arrangement of both conductors and nonconductor patterns defined

on each layer of the printed-wiring hoard. Copies of the production masters

or copies of the artwork may be used to define these patterns.

Separate views of each comductor layer.

Any and all pattern features not controllted by the hpole sizes and locations

shait ?é dimensioned either specificaliy, or by reference to the grid system

{see nl}.

i. Processing allowances that were used in the design of the printed-wiring
board {see 5.1.1, 5.1.4, 5.2.1.2, 5.2.2, and 5.2.2.6).

j- A1l notes either included on the first sheet{s) of the master drawing or hy
specifying the location of the notes on the first sheet.

k. Conductor layers numbered consecutively starting with the componeat side as

layer 1. If there are no conductors or lands on the component side, the

next Tayer shall be layer . For assembiies with companents on both sides,

the most densely populated side shall be layer 1.

AT o
. .

Supersedes page 5 of 31 Jeceaber 1981,
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Identification marking (see 5.8).

m. Size, shape, and iocation of reference designatian aad legend wqarkings, if
required (see h).

n. & modular grid system to identify all nmoles. test anints, lands, and overall
board dimensions with modular units of length of 0.100, 9.053, 0.925, or
ather multipltes of 2.00% inch in that order of preference, For design where
the majority Component locations are metric-based (SE), th: nasic aadular
units of lenqgth shall be 2.0, 1.0, 0.5, or other myltiples of 7.1 am in that
order of preference, The grid system shall ha apnlied in the X and Y 1seg
of the Zartesian coordinates. T 9 ‘qgrid shall nat Se reproduced an the
master drasinj, but may he indic 1 using grid scales or X, Y control
dimensions {see figure 3).

o. fDimensions for critica) pattern Features which aay effact circuit
performance because of distributed inductance or capacitancz effects within
the tolerance required for circuit performance.

n. A1l terms used on the master drawing shal)l be in conformancc with the
definitions of ANSI/IPL-T-50 or ANSI Y14.5 (sae 3.1 3nd 2.2).

q. Jdeviations td? this standard {see 4.2.2).

r. Minimum line width and spacing of the finished prianted-wiring bnard.

s. daximum reted voltage (maximum voltage between the two noncoanected adjacent
conductors with the greatest potential difference) for tyne 7 hoards only.

t. Plating and coating material(s) and thicknessfes).

u. Identification of test points renuired by the des1gn {sen 5.1.8),

v. Applicable fabrication specification with datels}, revision letter, and

amendment number,

dhen continuation sheets of 2 drawinj are used faor conductor pattern definition,
they need not be prepared non standard drawing forms provided standard sheet sizes are
used with standard continuation sheet title hlocks in accordance with ANSE Y14.1
located in the lower right corner aof each sheet. Humeric form of end product
lescriptions shall be in accordance.with IPC-N-350.

4.3.1 Hole location tolerance. Unless otherwise specified, the location of holes
shall be dimensioned and foTsranced with respect to single or secondary grid
systems. Each distinctive hole pattern (such as, plated-through holes, tooling
holes, mounting holes, windows, access holes, and 52 forth), may require separate
consideration or specification of tolerance. Producibility considerations are
presented in table V1.

4.3.2 Processing allowances. The processing allowances whizh were considered in
the desiqgn anJ artwork preparataon for the printed-wiring board shalt ha documentad
snd defined on the master drawing in eithar note form ar by reference to another
drawing which contains artwork requirements or specifications. This information
shall be expressed in terms af the maximum variation hetween the and-product
conductor #idths and spacings and what may appear on the artwork; the minipum land,
in reference to the drilled or plated hole and what may appear on the artwork; or any
other feature conditions considered in the design where th2 variation between
end-product and artwork configuration play a role in the producidility of the
printed-wirin} board.

4.3.3 Datums. There shall be a minimum of two datum features to estahlish the
mutually perpendicular datum reference frame for each board. These datums shall be
sstablished by at least two holes, po1nts. symbols, or other datum features, buot nnt
edges. Critical design features may require the use of nmore than one set of datum
references. The master drawing shall establish the relationship and acceptable
tolerance between all datum features. A1l Jatum features shall be located on grid or
e3tablish grid criterion, as defined on the master drawing, and shauld be on or
within the outline of the printed-wiring boards.

Supersedes page 6 of 31 Necemher 1984,
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5.7.5 Bow and twist.

and twist sha

5.8 Detail board marking requirements.

be 1.5 percent,

NOTICE |

Unless otherwise specified on the master drawing, the maximum allowable bow

Individual printed-wiring bnards and quality conformance

test circuitry shall be {dentified 1n accordance with the master drawing and MIL-3TD-130. Provisions
shall be made in the design for locating the traceability and date markings that are additionally

required by the fabrication specification.
on the master drawing.

master drawing.

Marking shal) be of a contrasting color to the background.

5.9 Quality conformance testing circuitry.

that are designed to this standard.

The methods and materials for marking shall be specified
If ESD marking is required at the hoard level, it shall! be specified on the

The quality conformance test circuitry, comprised of
tiie coupons shown on figure |, shall be a part of every panel used to produce printed.wiring boards

The minimun number of coupons per panel and the requirements for

positioning will be in accordance with table V. Coupoas 4, B, and F <hall he positioned in accordance

PUIT LIV

with 4.1 and figure 17,

411 other coupons may e positioned at optional lecations. Al) coupons

required shall bs shown on the master drawing, artwork, and production master,

TABLE V. Conformance test circuitry.

I
I
I
i
I
{
|
I
T
!
|
I
!

Foa/
Registration

Not required

Not required

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

J
Solder mask

When required, once per
panel with soider mask
location optional
pattern fixed by artwork

wWhen required, once per
panel with solder mask
location optional
pattern fixed by artwork

i
i
I
!
|
I
|
|
i
I
|
l
[
|
|
|
|
|
i
i
|
(
!
I
'

When required, once per
panel with solder mask
location optional
pattern fized by artwork

[ Coupon [ Type 1 I Type ¢ | Type 3

| type : board I board } board

i

| 1 ] 1

| L) [ Not required ! Three per panel. Opposite | Three per panel. Opposite
| Microsection | | corners location fixed by | corners location fixed by
i I | artwork (see figure 17). | artwork {see fiqure 17).

i | | Location of third optional.| Location of third optional.
] I [ T

| 3 | Twice per panel onpnsite | Three per panel. Opposite | Three per panel. fpposite
| Microsectioa | corners location fixed by | corners location fixed by corners location fixed by
| | artwork (see figure 17). | artwork (see figure 17). artwork {see figure 17).

! ! ! Lpcation of third optional.! tocation of third optional.
| i i

i C | Once per panel location | Once per panel location Once per panel location

[ Plating | optional pattern defined | optional pattern defined opticnal nattern defined

| | by artworx { by artwork by artwork

| | |

i [ I

| £ o1/ | Once per panel location | dnce per panel location Nnce per panel location

[ Iasulation | optional pattern aefined | optional pattern defined optiona) pattern defined

| resistance | by artwork | by artwnrk by artwork

] I i

i { |

I ! i

| I |

[ I |

i | I

| | {

! f |

] ! ]

| | |

I | |

! ! !

r
|
I
|
i
1
|
|
I
I
I
!
!
|
I

T
!
|
I
[
|

1/ 1f the panel has solder mask, the E coupon

Clearances of 0.010 0,005 should be provided for all serface lands.
2/ Registration coupons are optional and may be used in lieu of microsection evaluation for
T registration.

Supersedes page 17 of 31 Necember 1934,

shall he covered with the solder mask.
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RITICE I

6. OETAIL PART MOUNTING REQJIREMENTS

6.1 Approved methods of attachment. Conmponent leads shall pass through lead
tomponenl ndVes and he attached or the component tarminals or leads shall be surface
nounted to the tand pattern. Part attachment shall be described on the assembly

drawing followin,g the methods specified in §.1.2 through 6.1.5.4. Gener3l mounting

requirements shall he as specified in 6.1.1.

6.1.1 dnclinched leads. Unless otherwise specified, unclinched 1eads [either
straight or partially 9ent for retention) shall Se soldered in component holes ar
eyelets 7n accerdance with IPC-5-815. 1If no clinching requirements are specified on
the asseably drawing, unclinched lead termination shall ipply.

5.1.1.1 Lg_ggsuppo:ggd_ﬁglgg. Lead tip projection shall be required to extend
from 0.022 Tnach TO0.5T FAT ninifTum to 3.060 inch (1.5 mm) maximun from the surface of
the foil.

5.1.1.2 lﬂ-EliEEﬂ:EEEEEgh or_eyelatted holes. The lead shall be required to
extend at least to the surface of the platinj or rim of the eyelet and extend no apre
than 0.060 inch (1.5 mm) from the platiny surface or eyelet. The straijht-through

"d 'F.-Am ~. 002 tn + N78 inch fe tha nlatimn o a

Yo P33T rfa o moe
TUi = Uu7T v SWAT TNL TS U LT Praviiily SUT1decT Ub

leads on connactors sh

eyelet.

§.1.2 Clinched teads. When maxinum mechanical retention of a lead ar terminal is
required by desijyn, The lead or terminal shall he clinched. The component holes may
e plated-through holes, unsupported holes, or eyeletted holes. Clinching
requireaents shall be defined on the assembly draming. The lzad end shall not extend
Seyond the edge of its land or its electrically connected conductor pattern in
violation of the minimun spacing requirement. Partial clinching of leads For part
retention shall be considered under the requireaents of 5.1.1.

6.1.1 Surface tarminated ribbon leads Flat-wire ribbon leads may bhe attached to
lands on the prinfed-wiring hoard. ™ Coanections shall! he aade 5y saldering only. The
contact area2 hetwean any lead and land shall he not less than 3 square having each
side equal to thne nonminal width of the leai {(see figure 9). Minimum conductor

spacing indicated in 5.1.4 shall be maintained Attachment details may be conveyed
by an assembly drawing reference to IPC-.$-815 [(seo figure 18). For additional
mounting notes and considerations sze 6.2.11.

5.1.4 Surface terminated round leads. With prior approval by the governnent
acquiring activity, designs may stipurate that sarts shall be attached with their
round leads soldered to surface terminals {[lands) without first passing through a
hale. The lands shall he designed with proper shape and spacing to comply with
proper soldering techniques (see IPC-S5-915}.

6.1.5 Standoff terminals, eyelets, or fasteners.

6.1.5.1 Eogpogggg attachment to stendoffs. Component attachment to standoff
terninals, shalT be defined on the assembly drawinj and meet the requirements of
IPC-5-815 Placement of terminals shall be specified to suit each application.

6.1.5.2 Attachment of standoffs to boards. A terminal of the funnel flanjed type

shall be specified wherever the flanje must he soldered for electrical connection to
¢ land. The included angle of such flange shal) bYa hetween 35 and 120 degrees.

A.1.5.3 Eyelets. Eyelet applications used in design shall “e in compliance with

the following:

Attachment requirements - Interfacial connections shal) not Ye made with

eyelets. E€72lets installed at an electrically Functional land shall be required
to he of the funne! flange type.

6.1.5.,4 Fastening hardware. The installed location and installation orfentation
shall be prescribed on the assembly drawing for any fastening devices such as rivets,
nachine screws, washers, inserts, nuts, and bracketing. Precautions such as the
specification of tighteniny torque values shall he provided wherever general assembdly
Jractices might he inadequate or detrimental to the hoard assembly's structure or

functioning.

Supersedes page 18 of 31 December 19B84.
18
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HATICE 1

5.2 Electrical part mounting. The following are requirements the designer shall
consider and detail on the assembly drawing in specific notes or illustrations. Al
such electrical parts, hereafter referred ton as components, shall also be selected
as to withstand the vibration, mechanical shock, humidity, and other enviroamental
conditions the design nust endure when the components are installed in accordance

with 6.2.1 through 6.2.14.

1
$9

6.2.1 Qne s5ide only. Parts shall 5e mounted on only one side of the

printed-wiring board. assembly whenever passible.

5.2.2 Accessibility. Lands and terminals shall be located and spaced so that the
terninations of each component are not obscured by any other component, or by any
other permanently installed parts. Each component shall be capable of being removed

from the asseably without having to remova any other component.

5.2.3 Jesign envelope. Unless otherwise detailad on the asseably drawing, the
board edge is rejarded as the extreme perimeter of the assembly, beyond which no0
portion of 3 component is allowed to extend. The designer shall prescribe the 4esign
envelope with due respect for maximum part body dimensions and the mounting
provisions dictated by the board and asseably documentation.

6.2.4 Over conductive areas. ilo parts shall be mounted in direct contact «ith
external conductor areas unltess required for thermal dissipation., If design
linitations require placement of parts over conductive areas, the part sha?l be
mounted so that subsequent insulating coating will cover the conductive area under
the part or conductive argas under parts shall be insulated or protected ajgainst
moisture entrapment hy applying conformal coating or a cured resin coating hy
Yaminating tow-flow preprey material in accordance with MIL-P-13949, or by solder
masking over the area prior to mounting the part.

6.2.5 Thermal transfer. Components, which for thermal reasons require extensive
surface rnntact with the board or with a heat sink mounted pn the hoard, shall Se
protected from processing solutions 3t the conductive interfaca. To preveni risk of
entrapment, compatible materials and aethods shall bhe specified to seal the interface
from entry of corrosive and conductive contaminants.

WOTE: Even totally nonmetallic interfaces that are prone to entrap fluids can
fave adverse effects on the fabricator's abdility to pass required
cleanliness tests.

6.2.6 Conaponents dissipating one or more watts. Design for heat dissipation of
components shall iasurs that Che maximum allowable temperature of the board material
ts not exceeded under operating conditions specified in 5.6. Heat dissipation nay he
acconplished by requiring a jJap between board and component, using a clamp or tharmal
aounting plate, or attaching a conmpatidle, thermally conductive naterial working in
conjunction w#ith a thermal bus plane to the component.

6.2.7 Stress relief hends. Lands 4nd 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 anticipated
environments of temperature, vibration, and shock of MIL-P-28B0%. The lead length
for stress relief and lead bend radfus shal! de in accordance with figure 19. Where
tead bending cannot be in accordance with figqure 1% in order to achieve design goals,
the bends shall be detajled on the assembly drawing.

6.2.8 iechanical support. All parts weighing 0.25 ounce (7.1 g} or more per l2ad
(.04-inch diameter] shall be supported by clamps or other specified means which will
insure that the soldered joints and leads are not relied upon for mechanical strength.

5.2.9 Axjal-leaded parts. Axial-leaded parts shall be mounted as specified on the
appraved assenmbly drawing and mounted so that a portfon of the body s as ¢lose to
the printed-wiring board as possible. The leads shall be shaped in accordance with
6.2.7. This does not apply to parts mounted on standoff terminals (see 6.1.5.1).

Supersedes page 19 of 31 Necember 1984,
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5.2.9.1 Perpendicular mounting. Axidl-leaded components weighing less than 0.50
ounce (13 37 may be mounted on the assembly vsing perpendicular mounting criteria.
The assembly drawing shall prescride 2 miniazun af 9.019% inch {0.38 mm) space hetween
the end of the componeat body [or the lead-weld) and the hoard. \Unless atherwise
noted on the assemhly drawing, components required tn he perpendicularly mounted
shall be installed with their major axis within t15 degrees of a right angle with
board surface. The maximua vertical height from the board surface shall he 0.55 inch

(14 am) {see fiqure 22). .

0.2.13 MNonaxial-leaded parts. Nonaxial-teaded parts shall be mounted with the
surface from whnich the lead projects a miniaum of 0.010 inch (0.25 mm) above the
printed-wiring hoard surface. Dimensioning of the required spacing under these
components is Jenerally not required unless the component package design could result

in an assembly error. For thermal considerations see 6.2.5 and 6.2.6.

6.2.11 Multiplte-leaded components. HMultiple-lteaded componeats {components with
three or more leads), except multipTe leaded components mounted to thermal planes or
heat sinks, shall be mounted in such a manner that components are spaced off the
board to facilitate cleaning, provide electrical isolation, and to prevent moisture
traps. The necessary gap may be prescribed as an exceptional fabrication requirement
by identifying the subject component aad prescribing the required underbody clearance
dimension, or the jap may be achieved by virtue of the component's own standoff
features. Unless ptherwise specified, a clearance of 9.010 inch (0.25 mm) minimum

applies.

5.2.11.1 spacers. Special spacers {such as feet, ribs, or projections] with
minimal contact may be prescribed to go under the component, provided they will not
impair soldering or the assembly's performance.

6.2.11.2 Sealing. The need for a 3ap hetween component body and board may be
avoided by r&quiring the interface under the component to be sealed with adhesive or
a combinatioan of adhesive and insulation material, which is compatible with the
board, parts, and conformal coating. This option exists onty if all lead
terninations are external ta the seal. Repairabiltity shall not be precluded by the
method or material selectioan.

5.2.12 Surface mounted components. The requirements and considerations of 6.2.4
apply to this class of comoonents. Space for ¢leaning shall be provided to reduce
entrapment.

6.2.12.1 flat-pack types with ribyon leads. Lead forming is a majoer design
consideration and shall bhe detailed on the assembly drawing to provide for lead
stress relief, fit to the land pattern, underbody clearance for cleaning, and any
desijned-in provisions for thermal transfer (see figure 18 and 6.1.13).

6.2.12.2 Chip carrier types. lLeadless components may ha attached to the surface
of a land. ¥he coaponent shall be attached to the land of the printed-wiring board
in a way that provides sufficient space under the hody of the component to facilitate
cleaning. Land pattern design shall facilitate adequate solder fillets between the
conductor pattern and the component.

6.2.12.3 End-cap discrete components. End-cap discrete resistor and capacitor
componants and simifar Teadless end-cap discrete components shall be mounted to
nrinted wiring or printed circuitry. The devices shall not be stacked nor shall they
bridge spacing between other parts or components, such as terminals or other
properly-mounted components.

axial leads of round Cross-sections shall he utilized for surface 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, miniaun. For leads with an originatl
diameter less than the 0.025 inch {(0.5635 am), the flattened thickness shall be 50
percent of the original diameter, mininum The body of a planar mounted axial leaded

____________ P s = e L . = 2 d oom

6.2.12.4 Surface mounting of Fflattened round teaded components. Components with

.
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Supersedes page 20 of 31 NDecember 1384,
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6.2.13 Two-part connectors (plug and receptaclel. Two-part connectors containing
sale and femaTa quick disconnect electrical contacts and integral atigning nhardware
to assure proper mating of the contacts shall be specified as the only means teo
integrate plug-in printed-wiring assemblies. Their attachment and mounting methods
are subject to the design concerns of 6.1, 6.2.3, and £.2.4. Board connectors may He

uniquely keyed in such 4 manner only insertion of the proper assembly is possible.

6.2.13.1 Mires. Use of hard wiring directly to plug iniconnecto} nounted B
printed-wiring board assemblies shall not be permitted. Plug in assemblies shall
have all external slectrical connections accomplished through the use of two-part

connactors.

6.2.14 Jumper wires. Jumper wires may be used on types 1, 2, nr 3 printed-wiring
board assemblies. Jumper Wires shall be terminated in holes or standeffs. They may
also be terwinated on lands with prior approva) of the government acquiring
activity. Jumper wires shalil be considered a component. Jumper wires shall be as
short as practicable and shall not be applied over or under other replaceable
components {including jumper wiresl. Jumper wires must be permanently fixed to the
printed-wiring board at intervals not to exceed 1 inch, Jumper wires less than 0.50
the spacing requirements [(see 5.1.4) may be uninsulated. Insulation, when required,
or jumper wires shall be compatible with the conformal coating.

0.3 Conformal coating. The dasign criteria contained in this standard are
predicated on the reguirement that end item assemblies shall be conformally coated.
Solder mask shall not he used in lieu of conformal coating.

6.3.1 Coatinj area. Printed-wiring assemblies shall be conformally coated with a
coating material that conforms to MIL-1-46058. The coating shal) he applied to beoth
sides of the tleaned printed-wiring assembly including the part leads. The type of
conformal cocating shall be Tisted on the assamhly drawing.

6.3.1.1 Surfaces to pe frea of coating. Surfaces specified on the appraved
assembly drawing fo he Free of conformal coating shall e suitadly masked and
protected from coating, coating residues, and masking residues. The maskinj material
used shall have no deleterious effects on the printed-wiring boards. Printed-wiring
assemblies haviny aijustable components shall not have the adjustable portion covered
with coating. Tlectrical and mechanical mating surfaces, such as probe points, screw
threads, beariny) surfaces (e.g., card quides), and so forth shall not be cdoated.

0.3.2 Cleaning ajents. Cleaning agents and techniques shall have no deleterious
effects on any part of the printed-wiriny assembly.

6.3.3 Compatibility. The conformal coating shall be compatible with all parts of
the printed-wiring 3ssembly.

6.3.4 Thickness. Tne thickness of the conformal coating shall he as follows for
the type specified, when measured on a flat unencumhered surface:

a. Types ER, UR, and AR: J.003 £0.002 inch (0.08 #2.05 am).
b. Type SR: 0.005 *0.003 inch (0.13 £0.08 mm).
c. Type X¥: D.0005 to 0.9902 inch (0.10 to 0.05 mm}.

6.3.5 Electrical performance. Printed-wiring assembliies shall be constructed,

adequately masked, ar otherwise protected in such a manner that application of
conformat coating does not degrade the electrical performance of the assembly,

6.1.6 Buffer material., |(f component(s) on tne printed-wiring assemhly are made of
brittle material {glass or ceramic)}, they shall he protected ajainst breakage by a
buffer material before applying the conformal coating to the assembly. The huffer
material shall be a thin, pliant material such as polyvinylidene fluoride,
poiyethylene terephthalate, or silicon rubber, and be nonreactive with the conformal
coating material and al) parts of the printed-wiring assembly. The buffer material
shall be funqus resistant and flame retardant, and clear or transparent, S0 markings
on the components are visihle.

Supersedes page 21 nf 31 TDecemhsr 1984,
?1
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6.3.6.1 4hen required. When conformal coating types SR, XY, UR, and AR are uysed,
buffer material Is not required. Buffer material will be required for type ER.

NOTE: Board designers are cautioned to consider that buffer material may be needed
when allocating space and locatien for components to be mounted on
printed-wiring boards covered by this standard.

6.4 Support. All printed-wiriny assemblies shall be supported within a maximum of
1 inch [Z5. 7 mm) of the edges on at least two opposite sides. Support shall be

sufficient to prevent fracture or looseniny of the foil or brezakage of the parts or
part leads resulting from flexing of the printed-wiring boards.

6.5 Detailed assembly markings. Completed printed-wiring assemblies shall be
marked in accordance with the assembly drawing and MIL-5T0-130 with their ful)
jdentification. Printed-wiring assemblies which contain electrostatic discharje
sonsitive devices shall be marked in accordance with DOD-STD-16B6. The marking shall
ba 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.

Supersedes page 22 of 31 December 1984.
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APPENDIX

10. SCOPE

10.1 Purpose. This appendix is for guidance to the designer of printed-wiring
boards.

20, DESIGN CONSIDERATIONS

20.1 Design process tolerances and allowances. The data in table IV shall serve
as a guide concerning the tolerances and aflowances used in the design process. Due
to tolerance buildup, the tradeoffs involved in arriving at the peramissible limits
for egach 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. While MIL-P-13943 iimits the allowable dimensional
change of the thin Taminate, consideration must be given to the fact that during
processing, the thin laminate may either expand or contract within these limits, and
in additien, the change may vary across different portions of the board. The result
may be misregistration, and bow and twist beyond that which would be expected from a
simple dimensiognal change.

20.4 Dielectric constant and dissipation factoer. When designing circuits which
depend on stable dielectric properties, considerdtion should be given to the fact
that MIL-P-13949 sets forth only a maximum for these values and that some materials
which 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 mask to large conduttive areas, may be improved
through the use of special materfals and surface preparations. The use of adhesion
promoters, such as oxide treatments and double treated copper may improve the bonding
of type 3 printed-wiring boards. A protective chemical treatment may be required to
prevent a reaction between the copper surface and the polymer coating.

20.6 High voltage factors (considerations}:

a. Encapsulate with void-free potting materials, well bonded to all surfaces.

b. Avoid sharp projections.

¢. Arrange conductors so that high and low voltage groups are separate from one
another.

d. Provide rounded corners on electrical conductors and ground planes next to
energized circuits.

e. In ac circuits, check adjacent conductors for instantaneous voltage
differences between them.

f. Conformal coating should consist of at ijeast three separate layers, with each
layer applied at right angles to the previous layer.

g. Solder terminations on the.printed-wiring board must be smooth and even with
no projections from the component lead or solder spikes.

h. Standoff terminal connections must be solder balled. The radius of the
solder ball should be at Teast I/6 of the spacing between the solder ball
and adjacent high voltage circuit or ground plane. When large spacings are
involved, the splder ball should pe at ieast .125 inch {3.]1 ma} in diameter.

Supersedes page 23 of 3] December 19B84.
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APPENDIX

TRBLE ¥1. Composite board design guidance.

| T I i Keduced |
{ 1 Preferred | Standard | producibility i
[ | } |

I I B _l |
INumber of conductor layers | | | |
| {maximum 1/}- - - - « - . | 6 I 12 | 20 !
{Thickness of total board | | | |
| (maximum) {incn)- - - - - | 0.100{2.54) b 0.150(3.81) | 0.200(5.08) |
|

IBoard thickness tolerance -
IThickness of dielectric ~ |
I Aminimum) - - - - . . - _ |
IMinimum conductor width {or |
| figure 4 value, whichever |
1 is greater) |
| Internal- - - - - . . _ i
[ External- - - - - - - . |
:Conductor width tolerance

0.008(0.20)

0.015(0.38}
0.020(0.51}

I
|
I
I
I
|
|
|
|
I-
|
I
1+0

0.006{0.15)

010(0.25)
015(0.38)

0.
0.
0.002(0.05)
0.
0.

| #10% of above nominal or 0.007(0.18),
! |

whichever is greater

0.004(0.10)

0.004(0.10)
0.004(0.10)

|

I I

| |

l i

| !

| [

| i

| 1 |

Unplated 2 oz/fty - « - - | +0.004(0.10} + I +0.001(0.029) |

I | -0.006(0.15) -0.005(0.13) | -0.003(0.08) |
| Unplated 1 oz/ftZ - . _ . |  +0,002(0.05) +0.001(0.025) {  +0.001{0.025) |
) } -0.003{0.08; 0.662(@.05) ! -0.001{0.025} [
| Protective plated i | |
| (metallic etch resist + | I |
| over 2 az/fty copper} - | +0.008(0.20) +0.004{0.10) 1  +0.002(0.05) i
| i -0.006(0.15) -0.006(0.10} | -0.004(0.05} |
IMinimum conductor spacing | | | 1
| {or table I, whichever | | | {
1 is greater) - - - - - - _ ! 0.020{0.51) | 0.010{025} | 0.005(0.13) I
iAtnular ring plated-throygh | I : {
| hole {minimum) i } I |
( Internal- - - - - - . . | 0.008{0.20) i 0.005(0.13) | 0.002(0.05) |
I Extermal- - - - - - - . I 0.010(0.25) | 0.008{0.20) |  0.005(0.13) 2/ |
{Feature location tolerance | | | i
| (master pattern, material | | | |
| movement, and registrationl | | |
| Longest board dimension | I | |
| 12° or less « « - -« - . | 0.008(0.20) | 0.007(0.18) | 0.006(0.15) |
| Longest board dimension | 1 i |
| over 12°- - - - . . - . | 0.010{0.25) | 0.009(0.23) | 0.008{0.20) |
IMaster pattern accuracy | i i i
| Longest board dimension | | l |
) 12° pr less - - = - - - | 0.004(0.10} | 0.003(0.08) | 0.002(0.05} |
| Longest board dimension | ! [ |
| over 12"- - « - - - . - i 0.005{0.13) | 0.004(0.10) | 0.003{0.08) I
| Feature size tolerance- | x0.003(0.08) 1240.002(0.05} 1  +0.001(0.025) |
[Board thickness to plated | I | |
| hole diameter {maximum) - | 3:1 i 4:1 | 5:1 1
|Hole location tolerance | | | {
] Lengest board dimension | . | i |
| 12" or less - - - - - - ] 0.005{0.13) | 0.003(0.08} | 0.002{0.05} 3/ |
! Longest board dimension | | | i
| over 12" - - - - -« - | 0.007(0.18} |} 0.005(0.13) |  0.003(0.08) 3/ |
lUnplated hole diameter I I | |
| tolerance {unilateral) [ i ! [
| Up to 0.032(0.81) - - - | 0.004{0.10) | 0.003(0.08) | 0.002(0.05) }
i 0.033(0.84)-0.063(1.61} |} 0.006(0.15) | 0.004{0.10) | 0.002(0.05) |
| 0.064{1.63)-0.188{4.77} | 0.008(0.20)} b 0.006(0.15) | 0.004(0.10) |

See footnotes at the end of table.

Supersedes page 24 of 31 December 1984.
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MIL-STD-275E
NOTICE 1

COUPON "C "

.020 .020~—+
1 |

r-* 300 —-' 080 ‘
g g

—I
070

L_ _I} L _
|
TYPICAL OF TYPICAL Ot
SURFACE INTERNAL TYPICAL OF
LAYERS CIRCUIT INTERNAL
TYPE 1, 2, 3 LAYERS PLANE
BOARDS TYPE 3 LAYER:S’
ARDS TYP
8o BOARDS
See Note 12
FIGURE 1. Quality conformance test circuitry.

Supe: sedes page 27 of 3. Uecemoer 1984, 27
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LAYER 1 OF
TYPE 1, 2,
ARD 3 BDARDS

See Notes 8, 11, and 12.

]

Inches mm
.020 0.9
.050 V.27
.070 1.78
.280 Z2.03
L1580 3.8
.200 5.08
. 300 7.62
.500 12.70

1.000 25.40

FIGURE 1.

MilL-ST0-275¢
NOTICE 12

COUPON "g"

.020

8
i}
]

-

J

LAYER 2 OF
TYPE 2 AtD TYPICAL OF
3 BOARDS INTERNAL
TYFICAL OF PLANES OF
g rive
LAIRLL L B ARD
LAYERS 0ARD3
‘COUPON ™J"

500
U
a0 nEdan
anessenNsan

BN N NE RN
SURFACE .OSOj
LAYERS ONLY TYP
™weg 1, 2
AND 3 DOARDS

See HNutes 12 and 16.

Quality conformance test circuitry -~ Continued.
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NOTICE 1}

ROTES:

1.

. 0

<N £ L

11.
12.

~3 O
.

1.

N
N

25.

Supersedes page 31 of 3! December 19B4.

Test coupons dre tn be identified with the following:

a. FSCM of board manufacturars.

b. Part number and revision Yetter of master drawing,

c. DBoard 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 (0.08 mm) wide.

Unless otherwise specified, the tolerances shall meet the requirements of
this specification.

Unless otherwise specified, the mininum land dimension shall be .070 inch
{1.78 mm) ¢.005 iach (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
smallest component hole in the associated board (see note 10).

Coupons for surface layers or internal layers shall be representative of the
type of circuitry on the associated layer. Any layer with large copper
planes shall use the appropriate plane coupon where applicahle on the layer
that is beiny represented by the coupon.

The lengths of coupons E and F are dependent upon the number of layers in
the panel.

Intentionatlly ieft blank.

For coupons A and 8, the mininum land dimension and shape shall be that used
on the associated board. The hole shall be the maxitum used in this minimum
iand dimension.

For coupon E, a pair of holes, and the conductor width and spacing shall be
.025 ¢,005 inch.

The quality conformance test circuitry may he segmented; however, coupons A,
B, and F, wnen required, must be joined tojether. Coupons C, E, and J may
be arranged to optimize board layout. All test coupons illustrated when
required must appear on each panel. The numher of lavers must be identical
to the associated npard.

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 Jayer on the
component side, and atl other conductor layers shall be counted
consecutively downward through the laminated board to the bottom conductor
layer which is the solder side.

For coupon F, the design is optional, provided the coupon defines the
relationship of the features on 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 he solder mask coated.
Spacing between coupons may be modified to accommodate tooling holes used
for automatic and/or multiple mounting microsectioning equipment.

The land dimension should represent the smallest land used for a component
hole or via hole in the associated board.

The hales in the lands should be the diameter of the smallest component hgle
or via hole in the assocated board.

The inside diameter of the circular tands s“nuld be design dimension minus 2
x .002 inch. (Additional allowances may be made for the etch allowance used
in the associated board.) -

The clearance hole in the planes used for the specific layer evaltuation
shouid be design dimension minus 2 x .002 inch. AVl other clearances should
be a minimum of design dimension plus 2?2 x ,002 inch, {Additional allowances
may be made for the etch allgwances used in the associated board.)

The conductor dimensions should he representative of the assocfated board.
The coupon may be reduced or extended to accommodate the number of layers in
a type 3 board.

If continuity exists between commonly number iands, the board does not meet
the minimum annular ring requirement of 0.002 inch.

Dark areas represent metal,

FIGURE 1. Quality conformance test circuitry - Continued.

Cad
.


http://www.abbottaerospace.com/technical-library

A EFFEE

NOTICE |

ASSEMBLY DRAVWING ' LAYOUT H

-J

SCHEMATIC DIAGRAM

1

——— ELECTRIONIC COMPONENTS
REMOVABLE HARDWARE (SCREWS, NUTS, ETC)
ASSEMBLY PROCESS SPECIFICATION

TEST SPECIFICATION
ASSEMBLY MARKING REQUIREMENTS

MASTER

DRAWING

———
.

MATERIAL
FABRICATION PROCESS SPECIFICATION

PERMANENTLY ATTACHED HARDWARE
(TERMINALS, RIVETED-ON BRACKETS, ETC)

BOARD MARKING REQUIREMENTS

X ARTWORK MASTER . ——} PRODUCTION MASTER

1
)

|
L ARTWORK i
"[ CNOT RETAINED) J’

F—————"

* Includes circuit and silk screen masters,

FIGURE 2. Block diagram depicting typical printed-wiring drawing relationships.

supersedes page 32 of 31 December 1984. 32
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NOTICE 1

tt—— MIN
ANNUL AR LAND
RING
g0°

I
|
005 Ml | /
— PLATED
—

THRU HOLE

MIN
ANNULAR

LAND ._I..! r._ .ooz-‘—- Il-—/RING
o770y | O 777 il | W77 7
77 W VR 7= W A

FIGURE 11. Minimum annular ring. FIGURE 12, Minimum annular ring,
{External} (Internal]
Type 2 or 3 boards. Type 3 boards.
Inches mm

.05
/‘\ .005 0.13

et—-, 002 MIN

O T Y&

1 x
.005 MIN -005 MIN

SHAVED ELONGATED

WOTES:

1. Dimensions are in inches,

2. Hetric equivalents are given for genera) information only,

3. Nadii are permissible at the junction of lands and conductors.

FIGURL 13. Examples of minimum annular ring dimensions.

{External}

Supersedes page 4] of 31 December 1984. a1
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NOTICE 1

TERMINAL AREA BEFORE TERMINAL AREA AFTER
DRILLING DRILLING

FIGURE 14. Ground ptanre lands (typical},

A
/%< Plated-through hoie

Unsupported hole

-

.028 Inch {0.71 mm) MAX .020 inch (0.51 mm) MAX
A+B =
.006 Inch (0.15 mm) MIN .006 Inch {0.15 mm) MIN
B

FIGURL 15, Hole diameter for flat lead.

Supersedes page 42 of 31 December 19B4.
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