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1. SCOPE

1.1 Purpose. This standard establishes design requirements governing rigid,
single-siaea printed-wiring boards, double-sided printed-wiring boards, multilayered
printed-wiring boards, printed-wiring assemblies constructed from those boards
mentioned above, and design considerations for the mounting of parts and assemblies
thereon. The design criteria (such as electrical spacings) contained in this
standard are predicated on the requirement that end item assemblies (circuit card
assemblies, printed-wiring assemblies, hack planes, mother boards) shall be
conformally coated (see 6.3.1). Conformal coating shall be in accordance with

MIL-7-45058.
1.2 Classification. Printed-wiring boards shall be of the types shown, as

specified [see ¥§.77:

Type 1| - Single-sided board
Type 2 - Double-sided board
Type 3 - Multilayer board



MIL-STD-275E
31 December 1984

2. REFERENCED NDCUMENTS

2.1 Government documents.

2.1.1 Specifications, standards, and handbooks. tnless otherwise specified, the
following specifications, standards, and handbooks, of the issue listed in that issue
of the Department of Defense Index of Specifications and Standards (NoDISS} specified
in the solicitation, form a part of this standard to the extent specified herein.

SPECIFICATIONS

Q}-N-290
00-5-571

MILITARY
MIL-D-B510
MIL-P-13949

HIL-£-14550
MiL-P-28809

HiL-i-46058

MIL-P-55110
MIL-P.B1728

STANDARDS
MILITARY

DND-.STD-100

MI1 _STHh_110
Ll Y - ? W ER A

D0D-STD-1686

f{im, Sensitized, Wash-Off Process, Niazotype, Moist and
Dry Process, Brownprint, Roll and Sheet. ’
Srass, Leaded and Yonleaded Rod, Shapes, Forgings and Flat
Products with Finished Edqges (Bar, Flat Wire and Strip]).
Bronze, Phosphor Bar, Plate, Rod, Sheet, Strip, Flatwire,
and Structural and Special Shaped Sections.

Copper Flat Products with S1it, S1it and Edge-Rolled,
Sheared, Sawed, or Machined Edges, (Plate, Bar, Sheet, and
Strip).

Yickel Plating (Electrodeposited].
Solder; Tin Alloy; Lead-Tin Alloy; and Lead Alloy,

Drawings, Mindimensionad, Reproducibles, Photoqgraphic and
Contact, Preparation of.

Ptastic Sheet, Laminated, Metal-Clad (For Printed Wiring),
General Specification for,

Copper Plating (Electrodennsited]}.

Printed-Wiring Asscmblies.

Gold piating, Tlectrodeposited.

insuiating Compound, Eiectricai (For Coating Printed
Circuit Assemblies]).

Printed-Wiring Soards.

Piating, Tin-tead, Zlectrodeposited.

Engineering Drawing Practices.

ldentification Marking of Y.5, Military Property.
Electrostatic Discharge Control Program For Protection of
Electrical and Electronic Parts, Assembiies and Equipment.

{Copfes of specifications, standards, drawings, and publications required by

manufacturers in connection with specific acquisition functions should be obtained
from the contracting activity or as directed by the contracting officer.)

2.2 O0Other publications. The following documents form a part of this standard to
the extent indicated herein., The issues of the documents which are indicated as NND
adopted shall be the issue listed in the current DoNiSS and the sypplement thereto,
if applicabhle,

AMERICAN MATIOHAL STAKDARDS THSTITUTE {ANST)

ANSI-Y14.5 - Dimensioning and Tolerancing for Engineering Drawings.
ANSI-Y14.1 - Drawing Sheet Size and Format
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{Application for copies should be addressed to the American National Standards
Institute, Inc., 1430 Broadway, New York, NY 10018.)

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTH)

ASTM - ES3 - Standard Method for Chemical Analysis of Copper
{Electrolytic Determination of Copper).

{Application for copies should be addressed to the American Society for Testing and
Materials, 1916 Race Street, Philadelohia, PA 19103}

INSTITUTE OF ELECTRICAL AND SLECTRONICS EMGINEERS [IEEE)

IEEE-STD-?D00{ANSI Y32.16) - Reference Nesignations for Electrical and
Electronic Parts and Equipments.

{(Application for copies should be addressed to Institute of Electrical and
Electronics Engineers Service Lenter, ATTH: Puhlication Sales, 445 Yose Lane,
Piscataway, NJ 08854.)

INSTITYUTE FOR INTERCONKECTING AND PACKAGING ELECTRONIC CIRCUITS (IPC)

1PL-T-50 - Terms and Definitions.

IPC-CF-150 - Copper Foil for Printed Niring Applications,

iPC-D-350 - End Product Description in Numeric Form.

IPC-5-815 - General Requirements for Soldering Electronic
Interconnections.

IPC-SM-840 - Qualification and Performance of Permanent Polymer

Coating (Solder Mask) for Printed Boards.

{Application for copies should be addressed to the Institute for Interconnecting
and Packaging Electronic Circuits, 3451 Church Rd., Evanston, IL 69203.)

2.3 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.

L
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4. GENERAL REQUIREMENTS

4.1 Design features. The design features of the printed-wiring boards shall be in
accordance with this standard. Quality conformance test circuitry shall also be
included on the production master. Quality conformance test circuitry shall be
inciuded on each panel and shall be in accordance with figure [ 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 nm) from the edge of the printed board, and represents all the
manufacturing processes such as drilling, plating, etching, fusing, ground/voitage/
therma)/mechanical planes or cores, separately fabricated layers, permanent coatings
{soltder mask) and so forth.

4.2 Documentation. Requirements for drawing content may be satisfied by direct
delineation on the drawing or by reference to other documents which are part of the
engineerfng drawing set {(see figure 2.).

4.2.1 Reference designations. Reference designations of components to be mounted
on printed-wiring boards, when specified on the master drawing or the printed-wiring
assembly drawing, shall be in accordance with IEEE-5TD-200.

4,2.2 Deviation request and approval. When a deviation to this standard is
necessary, or has been granted in the initial contract design description, the
contractor (before proceeding further] shall furnish each proposed master drawing, or
a detailed deviation request to the Government Agency concerned for approval with
justification for the deviation. |If approved, all deviations granted shall be
docuymented on the master drawing.

4.2.3 Government furnished master drawings. Any deviation from this standard or
drawing shall have been recorded on the Government approved master drawing or a
Government approved deviations list. When new or additional deviations from this
standard or drawing are necessary, the contracter (before processing further} shali
furnish one copy of each proposed master drawing being revised, or a detailed
deviation request to the Government Agency concerned for apprnval with justification

for the deviation. Iif approved, ail deviations granted shall be documentied on the
master drawing or the Government approved deviations list,

4.2.4 Conflicts. In the event of any conflict between the approved master drawing
supplemented by an approved deviation list, if applicable, and the requirement of
this standard, the approved master drawing and deviations list shall take precedence.

4.3 Master drawing. The master drawing shall be prepared in accordance with
DOD-STD-T00; shall tnclude all appropriate detail board requirements (see section 5),

and the following:

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

The size, tocation, and tolerance of 311 holes theretn.

. Ettchback allowances. when required or permitted.

Location of traceability marking.

Dielectric separation between layers.

Shape and arrangement of both conductors and nonconductor patterns defined

en gach layer of the printed-wiring board. Copies of the production

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

g. Separate views of each conductor layer.

h Any and all pattern features not controlled by the hole sizes and locations

shall be dimensioned either specifically, or by reference to the grid system

{see n).

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 by
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 Vayer shall be layer 1. For assemblies with components on both sides,

the most densely populated side shall be tayer 1.

T O QW
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ldentification marking {see 5.8).

m. S5ize, shane, and location of reference designation and legend markings, if
required (see h).

n. A modular grid system to identify all holes, test points, Iands, and overall
board dimensions with modular units of length of 0.100, 0.050, 0.025, or
other MUILlp!ES UT 0. 003 inch in that grder OT DFETEPEHCE. .FOI' aesign wnere
the majority component locations are metric-based (SI}, the basic modular
units of length shall be 2.0, 1.0, 0.5, or other multiples of 0.1 mm in that
order of preference. The grid system shall be applied in the X and Y axes
of the Cartesian coordinates. The grid shall not be reproduced on the
master drawing, but may be indicated using grid scales or X, Y control
dimensions (see figure 3).

o. Dimensions for critical pattern features which may effect circuit

performance because of distributed inductance or capacitance effects

within the tolerance required for circuit performance.

All terms used on the master drawing shatl be in conformance with the

P definitions of ANSI/IPC-T-S0 or ANSI Y14.5 [<me 3.1 and 7_2)_

9- Deviations to this standard {see 4.2.2).

r. Minimum line width and spacing nf the finished printed-wiring board.
s. Maximum rated voltage (maximum voltage between the two nonconnected

adjacent conductors with the greatest potential difference) for type 3
boards only.

t. Plating and coating material{s) and thickness(es).

u. ldentification of test points required by the design (see 5.1.8).

v. Applicable fabrication specification with datels), revision letter, and
amendment number.

When continuation sheets of a drawing are used for conductor pattern definition,
they need not be prepared on standard drawing forms provided standard sheet sizes are
used with standard continuation sheet title hlocks in accordance with ANSI Y141
located in the lower right corner of each sheet, Numeric form of end product
descriptions shall be in accordance with IPC-D-350.

4.3.1 Hole lacation tolerance. Unless otherwise specified, the location of holes
shall he dimensianed with respect to single or sacondary qgrid svstems. Each
distinctive hole pattern [such as, plated-through holes, tooling holes, mounting
holes, windows, access holes, and so forth), may require separate consideration or
specification of tolerance. Producibility considerations are presented in table VI,

4.3.2 Processing allowances. The processing allowances which were considered in
the design and artwork preparation for the printed-wiring board shall be documented
and defined on the master drawing in egither note form or by reference to another
drawing which contains artwork requirements or specifications. This information
shall be expressed in terms of the maximum variation between the end-product
conductor widths and spacings and what may appear on the artwork; the minimum land,
in reference to the drilled or piated hole and what may appear on the artwork; or any
other feature conditions considered in the design where the variation between
end-product and artwork configuration play a role in the producibility of the
printed-wiring board.

4.3.3 fNatums. There shall he a minimum of two datum features to establish the
mutualiiy perpendicular datum reference frame for each board. These datums shall be
estahlished by at least twe holes, points, symbols, or other datum features, but not
edges. Critical design features may require the use of more than one set of datum
references. The master drawing shall establish the relationship and acceptable
tolerance between all datums teatures. Al) datum features shall be located on grid
or estadblish grid criterion, as defined on the master drawing, and should be on or
within the outline of the printed-wiring boards.
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4.4 Printed-wiring assembly drawing. The printed-wiring assembly drawing shall
cover printed-wiring on which separately manufactured parts have been added. The
printed-wiring assembly drawing shall be in accordance with DOD-5TD-100 and should

jnclude at Yeast the following:

Parts and material 11{st.

Component mounting and installation requirements.
Cteanliness requirements per MIL-P-28809.

Location and identification of materials or components {or bothl.
Component orientation and polarity.

Applicable ordering data from MIL-P-288089.

Structural details when regquired for support and rigidity,
Electrical test requirements.

Marking requirements.

Electrostatic discharge protection requirements.

Special solder plug requirements.

Eyelets and terminals.

Lead forming requirements.

Type of conformal coating and masking.

Solder mask.

Traceability.

TG ho QA0 oo
. . e o s oa . .

T O O 8 =,
. .

The printed-wiring assembly drawing shall include the definition of any conditions
considered in the design where the manufacturing varfation between the end product
and assembiy configuration play a role in the producibility or oerformance of the

printed-wiring assemblies.

4.4.)1 Deviation request and approval. When a deviation to this standard is
necessary, or has been granted in the initial contract design description, the
contractor (before proceeding further) shall furnish each proposed assembly drawing,
or a detailed deviation request to the Government Agency concerned for approval with
justification for the deviation. |If approved, all deviations granted shall be
documented on the assembly drawing.

4.4.2 Government furnished assembly drawings. Any deviation from this standard or
the drawing shall have been recorded on the Government approved assembly drawing or a
Government approved deviations list. When new or additional deviations from this
standard or the drawing are necessary, the contractor (before proceeding further)
shall furnish one copy of each proposed assembly drawing being revised, or a detailed
deviation request to the Government Agency concerned for approval with justificatior
for the deviation. |If approved, all deviations granted shall be documented on the
assembly drawing or the Government approved deviations list.

4.4.3 Conflicts. 1In the =vent of any conflict between the approved assembly
rawing supplemented by an approved deviation 1ist, if applicable, and the
equirement of this standard, the approved assenmbly drawing and deviations Tist shall

take precedence.

d
r

4.5 Propduction master. When specified in the contract or purchase order, a produc-
tion master of each layer shall be provided as part of the drawing set. When a pro-
duction master is not supplied, the manufacturer shall be responsible for the
preparation of the production master with sufficient accuracy to meet the
requirements of the printed wiring detailed on the master drawing. The production
master shall be as defined in IPC-T-50 and shall be supplied or preparcd on 0.0075
+0.0005 inch thick hiaxially nriented, dimensionally stable polyester type film or
pqual, in accordance with MIL_D_B8510, type I1; L-F-340 fiim k6 photographic subclass a,
class 2, type I or LI, style 1A or photaographic qglass nlates. The accuracy nf the
production master {single image, multiple image, or any associated quality assurance
couponst shall be such that the lands, conductors, and other features shall be
located within 0.004 inch diameter of the true grid position established for the
layer, and that for the cnmposite production master, the features of all layers shall
coincide within 0.006 inch diameter of the true qrid position, when measured at 20°¢C
+1°C, and 50 *5 percent relative humidity after the material has stabilized. 1In the
event that tighter tolerances are required in order to produce printed wiring, the
production master precision requirements as considered in the design process, shall
be defined on the master drawing.
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5. DETAIL BOARD REQUIREMENTS

5.1 Conductor pattern,

5.1.1 Conductor thickness and width. The width and thickness of conductors on the
finished printed-wiring board shall be determined on the basis of the current
carrying capacity required. The temperature rise shall be determined in accordance

with figure 4a for type 1, type 2, and external layers of type 3 boards, and figqure
4b for internal Yayers of type 3 boards. For ease of manufacture and durability in
usage conductor width and spacing requirements shall be maximized while maintaining
the mininum spacing requirements of table 1. The minimum conductor width shown on
the master drawing shall be not less tham 0.004 inch (0.10 mm}). To maintain the
conductor width shown on the master drawing, the line widths on the production master
shall be compensated for process allowances as shown in 20.1 and table VI of the
appendix.

5.1.2. Conductors with less than 90" included angle. All conductors that change
direction where the included angle is less than 90 shall have the externa) corners
of the conductor rounded. .

5.1.3 Conductors. The length of a conductor between any two lands ‘should be held
te @ minimum. However, conductors which are straight lipes and run in X, Y, or 35"
directions in general are preferred to aid computerized documentation for mechanized
or automated tayouts.

5.1.4 Conductor spacing. Larger spacings shall he used whenever possible and the
minimum spacing between conductors, between conductor patterns, and between conduc-
tive materials {such as conductive markings or mounting hardware) and conductors

shall pe in accordance with table |, and defined on the master drawing., To maintain

the conductor spacing shown on the master drawing, space widths on the production
master shall be compensated for process altowances as shown in 20.1 and table VI of
the appendix. Plated-through holes passing through internal foil planes (ground and
voltage) and thermal planes shall meet the same minjmum clearance between the
plated-through hole and foil or ground planes as required for spacing between
internal cenductors.

TABLE I. Conductor spacing.

~Voltage between conductors Minimum spacing

1 ] |
| ~ DC or AC peak {volts) T Surface Tayers I " Tnternal layers T
T ; i | I
[ 0-100 10.005 inch {(0.13 mm) 10.004 inch (0.10 mm} |
| 101-300 }0.015 inch (0.38 mm} 10.008 inch (0.20 mm) |
| 301-500 10.030 inch {(0.76 mm) 10.010 inch {0.253 mm) |
| Greater than 500 1/ 10.00012 inch (.00305 am) 10.0001 inch (.0025 mm)l
} |
i i

Iper volt Iper volt
| i

1/ For reference only, voltages greater than 500 should be evaluated for the specific
design application.
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5.1.5 Edge spacing. The minimum spacing between conductive patterns and the edge
of the printed-wiring board or any adjacent conductive surface, such as supporting
structure or frames ?nonmovang) shall be not less than the minimum spacing specified
in table I pilus .D15-inch [0.38 mm), provided the edges are protected from physical
harm in the installed assembly configuration. Printed wiring not so protected shall
have a minimum conductor to edge distance of 0.050 inch (1.25 mm). The edge spacing
requirement 15 not applicable to heat sinks and ground planes. To maintain the edge
spacing shown on the master drawing. the ed%e spacings shall be compensated for
process allowances as shown in 20.1 and table V] of the appendix.

5.1.6 Large conductive areas. Large conductive areas increase the likelihood for
blistering or bowing during the soldering operation. The pattern and location of
Jarge condyctive areas should be per 5.1,6.1 and 5.1.6.2. Design of conductive areas
should provide balanced construction and include the use of nonfunctional copper, if

practical.

5.1.6.1 Large external conductive areas. External conductive areas that extend
beyond a l-Vnch diameler circle should contain etched areas that will break up the
large condyctive area but will retain the continuity and functionalfty of the
conductor. If etched areas are not provided, other methods should be used to mini-
mize blistering or bowing. Large conductive areas should, if possible, be on the
companent side of the board. If solder mask is _employed, over melting meta\s
conductive areas larger than §.050 inches wide shall not be empioyed undér the so
mask, see IPC-5M-840 and 20.5 of the appendix.

5.1.6.2 Large internal conductive areas (type 3). When a conductive area that
extends beyond a I-inch diameter circie 15 used on an internal layer, the layer
should be placed as near the center of the board as possibie and should contain
etched areas that will break up the large conductive area but will retain the
continuity and functionality of the conductor. If more than one internal layer has a
large conductive area, the layers should be located in the board to provide balanced
construction. For surface preparation considerations see 20.5 of the appendix.

5.1.7 Interfacia) connections. Interfacial cannections on type 2 and 3

nrinted-wiring boards shall be made by use of plated-through holes only. Wires,
standoff terminals, eyelets, rivets, or pins shall not be used to provide interfacial

connections.

5.1.7.1 Solder fillets and plugs. Printed-wiring boards subjected to wave or dip
soldering shall be designed to facilitate flow of solder around component leads in
plated-through holes and into plated-through holes without leads, so 25 to create a
solder plug. Careful consideration shall be given to hole-to-lead diameter clearance
{see 5.3.2 and 5.5) hole to board thickness ratios and heat relief of metal planes to
premate sglder plugging. In the event soplder plugging due to natural capiliary
action is not possible, such as when a heat sink is bonded directiy over
plated-through holes, the design shall include provision for prevention of solder,
flux or other chemicals from entering the plated-through hole. Solder may be
prevented from entering the holes by prefilling these holes with an appropriate
potymer plug, covering the holes with a sheet of permanent bonded material, tenting
the holes with a permanent solder mask or blocking these holes with some temporary
technique that will prevent solder access to the hole. Al]l techniques must have
sufficient durabiltity to not break up when exposed to the solder process. The
printed-wiring assembly drawing shall define the absence of such solder plug
requirements. As a minimum solder plugs shall be required in:

a. Al electr:cally funct1onal and nonfunctional plated-through holes with a
Toad: Taad 3 a mAnA 1ENT hy the csnldor nlups na mattawe
1Cau, \.III:‘ ITau 'I) quu‘lcU I.U UE )UtlUUIIUCU RRYAY vy LS R - 2 1uct PIUH nmu iHa e Lo

what technique for soldering is used.

b. Any plated-through hole without a lead, that is subject to wave or dip
soldering with the degree and percentage of hole plugging described by the
appropriate assembly or soldering specification [MIL-P-28809, IPC-S$-B15).
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Solder plugs are not necessarily required in:

a. Any unsupported hole without 3 lead.

b. Nonfunctional plated-through hoies (hand soldered or vapor phase reflowed
assembly), )

€. Any electrically functional plated-through vole {without a lead) not
subjected to wave or dip soldering.

d. Any nlated-through hole covered with permanent solder mask, other polymeric
cover layer {not conformal coating}) ¢r is already filled w:th an appropriate
polymer in order to prevent hole access during wave or d4ip soldering.

e. Any plated-through hole, electrically functional or not, without a lead,
where access to the hole is limited by components, heat sinks, by design
(blind vias), or where access of solder to the hole is prevented during the
solder process.

5.1.8 Test ooints. When required by the design, test points for orabinq shall be
provided as pari of the conductor pattern and shall be identified on the master
drawing and the assembly drawing. These “probe points” shall require that a land be
available for probing as opposed to a conductor. VYias or component lead mounting
lands may be considered as probe points provided that sufficient area is avaitahble
for probing and maintaining the integrity of the via or component lead mounting

joint. Probe points shall meet the plating requirements of 5.5.4,

5.2 Lands. Lands shall be provided for each point of attachment of a part lead or
other eTectrical connection to the printed-wiring board.

5.2.1 Lands for through hole attachment. When through hole attachment is
required, ail of the requirements of 5.7 shall be considered in the design of the
printed-wiring board except where 5.2.2 applies for surface attachment.

§.2.1.1 Lands Tocation. The lands shall completely surround and abut on the
mounting hoTes except where 5.2.2 and 5.2.5 applies.

5.2.1.2 Through hole land area requirements. The minimum diameter of the land
surrounding an unsupporied hole snall 9e at teast ¢.040 inch {1.02 mm] greater than
the maximum diameter of the hole. When eyelets or standoff terminals are used, the
lands on type 1, type 2, and external layers of type 3 boards shall be so designed as
to have a minimum diameter of at least 0.720 inch greater than the maximum diameter
of the projection of the eyelet or standoff terminal flange. The minimum diameter of
a land surrounding a plated-through hole on type 2 and type 3 boards shall be
determined by considering the following:

a. Maximum diameter of the drilled heole.

b. Minimum annular ring requirements (see 5.2.3). Etchback, when required, will
reduce the insulation area that supports the internal land. The minimum
annular ring considered in the design shall be not less than the maximum
etchback allowed.

€. A standard fabrication allowance, determined by statistical survey, which
considers production master tooling and process variations required to
fabricate boards (see tabhle II}.
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TABLE !I. Minimum standard fabrication allowances for plated-through hole attachment.

| 1 | [} Reduced T
|Greatest board/panel dimension | Preferred | Standard | producibility |
) I inches ] inches | inches !
lup to 12 inches I 0.028 | 0.020 | 0.012 1/ |
I [ [ [ |
1 ] i I |
|More than 12 inches 1 0.034 1 0.024 | 0.016 1/ I
[ | I [ |

The above considerations shall be incorporated into the minimum land area provided on
the production master such that: Minimum land diameter = a*2b*c. All lands and
annular rings shall be maximized wherever feasible, consistent with good design
practice and electrical clearance requirements.

1/ For copper weights greater than 1 orfsq.ft., add 0.002 inch minimum to the
fabrication allowance for each additional oz2/sq.ft. of copper used.

5.2.2 lands for surface attachnent, When surface attachment is required, A o
the requirements of 5.¢ shall be considered in the design of the printed-wiring board
except where 5.2.1 and 5.2.6 apply. The selection, design, and position of the land
geometry in relation to the part may significantly impact the solder joint. The
designer must understand the capabilities and limitations of the manufacturing and
assembly operations.

..... 11
e

-~

5.2.2.1 Lands for end-capped discrete components. Discrete components, when
mounted as defined in b6.2.12.3, shall have their land relationsnhips identified as
shown on figure 3.

5.2.2.2 Land pattern for teadless chip carriers. The attachment lands for surface
mounting leadless chip carriers should be the same width as the component terminal
{zastilation maximum) plus 0.005 inch (0.0 mm) whenaver possible. The land lenjth
should extend between 0.015 inch to 0.04 inch {0.38 to 1.02 mm) beyond the maximum
chip carrier outline on all four sides to create a horizontal solder fillet length
equal to the vertical fillet rise (see figure 6). The design of fan-out to
jnterconnect the hasic land pattern to other cirguitry/devices is dependent on wiring
density, testability, assembly, repairability, and routability requirements. Figure
7 shows some examples of possible fan-out patterns for leadless chip carriers. Chip
carrier land sites should be located on a fixed grid within the printed board to
optimize testing. This qgrid should be compatible with assembly and testing equipment
s0 as to minimize the amount of specialized and complex equipment necessary.

5.2.2.3 Lands for leaded chip carriers. The land size for ceramic and for leaded
chip carriers should match the lead configurations. J shaped leads should have the
land width he equal to or 0.005 inch larger than the width of the lead, The land
length should extend between 0.015 inch to 0.040 inch (0.38 to 1.02 mm} beyond both
sides of the foot of the J pattern. Dther types of leads used for chip carriers
should have the land commensurate with the lead configuration, in order to create 3
horizontal solder fillet Jength at the toe and heel of the lead configuration, as
shown on figure B.

5.2.2.4 Lands for ribbon leaded surface mounted parts. The land requirements for
mounting ribbon leaded parts, such as "flat packs', 'quad packs”, or small oputline
devices, shall preferably be rectangular. The minimum land width shall be equal to
or exceed the maximum lead width by the amount shown on figure 8 providing room for
both solder fillets at both the hee)l and toe of the ribbon lead. The minimum land
width shall be approximately one and one-half times the width of the lead, or 0.005
inch (0.13 mm), whichever is Yess (see fiqure 9). Flat pack termination shall he
staggered to permit greater spacing wherever possible. The center pesition of ribbon
leaded components should be on a fixed grid, wherever possible, to facilitate testing.

1
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5.2.2.5 Lands for flattened round leads. Flattened round leads shall have a land
which will provide the seating so that the heel and the terminal relationship is in
accordance with figure 10, 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 unflattened lead diameter and the overhang
does not reduce the spacing to adjacent parts to less than that specified on the
assembly drawing.

5.2.2.6 Lands for plated-through holes (vias for hpards with surface attached

parts}, The ainimun dianeter of a 1and surrounding a plated-through hale on type 2

1
and type 3 boards where surface attachment is used shall be determined by considering

the following:

a. Maximum diameter of the drilled hole.

b. HMinimem annular ring (see 5.2.3). Etchback, when required, will reduce the
insulation that supports the internal land. The minimum annular ring
considered in the design shall be not less than the maximum etchback allowed.

t. A standard fabrication allowance, determined by statistical survey, which
considers tooling production master and process variations required to
fabricate bhoards (see table Iil]).

TABLE I11. Minimum standard fabrication allowances for surface attachment.

] T ! | Reduced T
IGreatest board/panel dimension | Preferred | Standard | producibility 1.
{ | inches ! inches | inches [
| | | { )
TUp to 12 inches i +0.026 : +0.018 ! *0.010 1/ ;
[ i |

T T ] I T
IMore than 12 inches ] +0.032 | t0.022 | +0.014 l/ i

! | | | |

The above considerations shall he incorporated into the minimum land provided on the
master pattern such that: Minimum land diameter = a*2b*c. A}l lands and annular
rings shall be maximized wherever feasible, consistent with good design practice and
efectrical ciearance requirements.

1/ For copper weights greater than 1 oz/sq.ft., add 0.002 inch minimum to the
fabrication allowance for each additional oz/sq.ft. of copper used.

5.2.3 Annular ring considerations. The minimum annular ring on external layers is
the minimum amount of copper {at the narrowest point] between the edge of the hole
and the edqge of the land after plating of the hele. The minimum annutar ring on
internal layers is the minimum amount of copper (at the narrowest point) between the
edge of the drilled hole and the edge of the land after drilling the hole.

External - The minimum annular ring for an unsupported hole shall be 0.0l5
inch. The minimum annular ring for a plated-through hole in type 2,
and external layers of type 3 boards shall be 0.00Z inch, except
where the conductor joins the land the annular ring shall be 0.005
inch minimum {see figures 1} and 13},

Internal - The minimum annular ring for internal lands on type 3 boards shall
be D.002 inch [see Figure 12). Etchback, when reguired, will reduce
the insulation supporting the annular ring of internal lands. The
minimum annular ring considered in the design shall be not less than
the maxinum etchback allowed.
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5.2.4 Nonfunctional lands (type 3, internal layers). HNonfunctional lands may be
included on internal layers of type J boards. They need not be used where electrical
clearance requirements do not permit, such as, ground planes, voltage planes and
thermal planes. Plated-through holes passing through internal foil planes {(ground
and voltage) and thermal planes shall meet the same minimum spacing requirements &s
that for conductors on internal layers (see table 1]).

5.2.5 Thermal relief in conductor planes. Thermal retief is only required for
holes that are subject to soldering. Connections asspciated with large conductor
areas (ground planes, voltage planes, thermal planes, etc.) shall have a land that is
relieved locally in the area of the plated-through hole connection in 3 manner
similar to that shown on figure 14. When electrical considerations preclude the use
of this technique, approval to deviate shall be obtained from the acquiring activity.

5.2.6 DOffset lands. Lands, when used in conjunction with clinched leads, may be
located adjacent to (not surrounding) the lead termination hole. The land shall be a
sufficient distance from the hole to allow clipping of the part lead prior to
unsoldering the part fead from the Tand.

5.3 Holes.

5.3.1 Quantity. A separate component hole shall be provided for each lead or

5.3.2 9Diameter of unsupported holes. The diameter of an unsupported terminal hole
shall not exceed by more than 0,020 inch (0.51 mm} and shall be not less than 0.006
inch {0.15 mm) the nominal diameter of the lead to be inserted, unless it is
clinched. The number of different hole sizes shall be kept to a minimum. When fiat
ripbon leads are mounted through unsupported holes, the difference between the
nominal diagonal of the lead and the inside diameter of the unsupported hole shall
not exceed 0.020 inch {0.51 mm) and shall be not Yess than 0.006 inch {0.15 mm), as
shown on figure 165.

5.3.3. Evelet hole diameter. Eyelets shall not be used in new design unless

anproved by the Government acquiring activity. When eyplets are used, the diameter
of noles in which eyelets are inserted shall not excerd the outside diameter of the
barrel of the eyelet by more than 0.006 inch {0.25 mm)}. The maximum inside diameter
of the eyetets shall be not more than 0.028 inch {(0.71 mm) greater or less than 0.006
inch than the nominal dfameter of the lead or terminal to be inserted in the eyelet,
unless the tead is clinched (see 6.1.2). Interconnections shall not be made with

eyelets.

5.3.4., Spacing of adjacent holes. The spacing of unsupported or plated-through
holes (or both} shall be such that the lands surrounding the holes meet the spacing
requirements of 5.1.4. The spacing between adjacent holes of any other type shall be
not Vess than the printed-wiring board thickness or the hole diameter, whichever is
smaller.

5.3.5 Location. All land and hole locations shall be at the grid intersections of

the modular Htmensionin? system {see 4.3} controlled by either primary or secondary
grid systems {see 4.3.1) used for printed wiring except as specified in 5.3.5.1.

5.3.5.1 Pattern variations. Parts whose leads emanate in a pattern which varies
fronm the grid intersections cstablished by the master drawing shall be mounted or
attached to the printed-wiring boasrd with one of the following hoie patterns:

[N
(-]
ol
-1

a. A nhole pattern where the hole for at least one part lead is located at a
grid intersection of the modular dimensioning system and the other holes of
the pattern are dimensioned from the grid location or from datum origin.

b. A hole pattern where the center of the pattern is loca2ted at a grid
intersection of the modular dimensioning system and all holes of the pattern
are dimensioned from that grid location or from datum origin.
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5.3.6 Indexing holes. I1f indexing holes are to appear on the printed-wiring
board, they shall be dimensioned on the master drawing,

5.4 Eyelets and standoff terminals. Eyelets and standoff terminals are to be
considered components and specified on the assembly drawing.

S.4.1 Material. The eyelets shall be made of copper canforming to 00-C-576.
Standeff terminals shall be made of brass conforming to Q90-B-626 or bronze conforming
to (G-8-750.

5.4.2 Finish, The eyelets shall be tin-lead plated and fused (see 5.5.4.5). The
standoff terminal) shall be finished in accordance with 5.6.4.5 or 5.6.4.6 after
:?vigglgggg underptated with 0.000) inch (0.003 mm) minimua Copper in accordance with

L-C- -

5.4.3 Flange design. The flange used to make electrical contact to the terminal
area shall be of the funnel flange type. The included angle of the flange shall be
between 35 and 120 degrees. The rolled or flat flange shall be used when there will
be contact with unclad material.

5.5 Plated-through holes., The maximum diameter of the plated-through hole shall
not be more than 0.0Z8 inch (0.7]1 mm} larger than the nominal of the inserted lead or
the nominai diagonai of a fiat ribbon iead, as shown on figure i5, The minimum
diameter of the plated-through hole shal) be not less than 0.006 inch (0.15 mm)
larger than the nominal diameter of the inserted lead or nominal diagonal of a flat
ribbon lead. \Unless otherwise specified, the hole size shall be the finished plated
size after solder coating nr solder plating. Plated-through holes used for
functional) interfacial connections shall not be used for the mounting of devices
which put the ptated-through hole in compression. Plated-through hnles used for
functional interfacial connections shall not be used for the mounting of eyelets,
standoff terminals, or rivets. The thickness of electrolytic copper plating in the
hole shall be 0.001 inch {0.03 mm), minimum. The walls of plated-through holes shall
be solder coated {see 5.6.8.6) or tin/lead plated and fused {see 5.6.4.3) as part of
surface conductive cover requirements (see 5.6.4). Solder coating or tin-lead
piating does not apply tn plated-through holes which are internal to the
printed-wiring board and do not extend to the surface. The end product diameter of
plated-through holes shall be specified on the master drawing,

5.6 Materials, Printed-wiring bodrd designs shal) be such that interna)
temperature rise due to current flow in the conductor (see 5.1.1) when added to all
other sources of heat at the conductor/laminate interface, will not result in an
operating temperature in excess of that specified for the laminate material (see
table IV). Since heat dissipated by parts mounted on the boards will contribute
local heating effects, the material selection shall take this local factor, plus the
equipments general internal rise in temperature, plus the specified operating ambient
temperature for the equipment into account. Hot spot temperatures shall not exceed
the temperatures specified in table IV for the laminate material) selected. Materials
used {copper-clad, prepreg, copoer foil, heat sink, etc.} shall be specified on the
master drawing.

5.6.1 Metal-Clad laminates, The printed-wiring hoards shall be fabricated from
the metal-clad leminates specified in tante 111 and copper foil types specified in
IPC-CF-150. The type of board(s) that each material! may be used in is indicated in
table 1V.
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TABLE 1V. Clad laminates.

T I I Operating | Board type |
| specification | Base material | temperature 1/ T 1T 2 'T 3 {
i I ) I
T { | ) T \ T T
JMIL-P-13949 [ PX [ 105°¢C I x 1 x |1 -1
| ] GE, GF 2/ | 125.¢C | X 3/F x 370 x|
( I GB, GH, 6P, 6T, GX, GR, GY ! 150 L S S T S T O
t | Gl 4/ | 170°¢C I x 3/t x 3/F % |
| I - | | | I !

1/ Ambient temperature plus the temperature rise caused by current in the con-

T ductors [see 5.1.1).

2/ GE or GF laminates shall not be combined in one board with GI prepregs.

E/ See 6.4.

&/ when G1 Vaminates are combined in one board witlh GT or GF prepregs, the

- “C.

o
temperature shall be 125

5.6.1.1 Minimum thickness of laminate. The thickness of the Yaminate per
MIL-P-13949 used in type J printed-wiring boards shall be .0G02 inch {0.05 mm) or
greater, provided the resulting dielectric layer in the finished board shall meet the
requirements of 5.7.4. The thickness of the laminate per MIL-P-13949, used in type }
and type 2 boards shal) be as specified in the master drawing and shall meet the
requirements of 6.9 (see figure 16).

5.6.2 Bonding materials.

5.6.2.1 Preimpregnated bonding layer (prepreg). Prepreg used in type 3 printed-
wiring boards shall conform to type GE, GF, or Gl of MiL-P-13949. Type GE or GF
prepreg shall not be used with type GI prepreg. 1If a specific type of bonding
material is required, it shall be so specified on the master drawing.

5.6.2.2 Other banding films. Other bonding films such as cast resin films and
double sided resin coated polyimide films may be used to bond external heat sinks,
internal thermal planes, or internal conductive planes provided the cured films meet
the temperature requireaents of the base material as specified in table 1V, 5.7.4,
and on the macter drawing.

5.6.3 Copper circuitry layers. The thickness of Finished copper conductors shall
be not less than | ouncs per square foot (0.0012 inches). Copper foil used shall be
not less than 1/2 0z/ft¢ and must be plated up to the 1 oz/ft requirement.
(Precautionary note: A reduction of copper thickness after processing can be
exnected.}

5.6.4 Plating. Al) external conductive patterns (plated-through holes, terminal
argas, etc.) shall be solder coated or tin-lead plated, unless a permanent solder
mask coating is used (see 5.6.5) or a heat sink is bonded to the external surface, or
other platlnq is appraved by the acquwr:ng actrvtty. When other platings are used on
‘I'.I‘IE Same D\"ﬂleﬂ 'lll"ﬂ!j Dudfﬂ \ﬂ CQ“,}UHELIO“ HlL(\ SUIGEF Cudtl“g ar tiﬁ-lﬂdu UldLllllj.
the area of overlap s$hall be kept to a minimum and no exposed copper shall be
permitted at the interface between the other plating and the solder coating or
tin-tead piating. WNo solder or tin ptatiang shall be under other platings. Unless
otherwise specified on the master drawing, surface and plated-throuqgh hole plating
thicknesses shall meet the requirements specified in 5.6.4.1 through 5.6.4.6.

5.6.4.1 Electroless copper plating. 4&n electroless depositiaon system shall be
used as a preliminary process for providing the conductive layer over nonconductive
materials for subsequent electrodeposition of metal in plated-through holes.
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5.6.4.2 Electrolytic copper plating. All electrolytically deposited copper
plating shaTl be performed in accordance with MIL-C-14550, and shall have a minimum
purity of 99.5 percent as determined by ASTM-ES3. The minimum thickness shall be

.00t inch (0.03 mm).

5.6.4.3 Gold plating. A}l electrolytically deposited gold shall be in accordance
with WIL-G-3520%, type Il, class t. The minimum thickness shall be 0.000050 inch
(0.0013 mm); the maximum thickness shall be 0.0001 inch {0.003 mm} on areas that are
to be soldered. A low stress nickel shall be used between gold overplating and

copper [(see 5.6.4.4).

5.6.4.4 #ickei plating. 437 eiectroiyticaily deposited nickel plating shail be
low stress and contorm to QQ-M-290, class 2, except the wminimum thickness shall be
.0002 inch (.005 am). )

5.6.4.5 Tin-lead plating. Tin-lead plating shall be in accordance with
MIL-P-81728B. The tin-Tead shall be .0003 inch (.008 mm) thick minimum, as plated on
the surface. Fusing shall be required on all tin-lead plated surfaces.

5.6.4.6 Solder copating. Unless otherwise specified, solder coating shall be in
accordance with composition 5n60, Sn62, or $Sn63 of QQ-5-571. The solder coating
thickness shall be 0.0003 inch {(0.008 mm) minimum, as coated {see 6.2.12 for surface
mounted camponeats).

5.6.5 Solder mask. Polymer mask coatings shall meet the requirements of
IPC-54-840, cTass J and, when required, shall be specified on the master drawing.

5.6.5.1 Solder mask over melting metals. Polymer mask coatings do not typically
adhere to molten metals. When coatings are required over melting metal (such as
solder) with areas of metal larger than 0.050 inch (1.3 mm) in two directions, the
design shall provide relief through the metal to the printed-wiring substrate. The
relief shall be at l1east 0.010 inch by 0.010 inch (0.25 nm by 0.25 om) in size and
located on a grid no greater than 0.250 inch (6.4 mm).

5.6.5,2 Solder mask nver nonmeitino metals, When polymer mask coatings are
required over nonmelting metals (such as copper}, the design shall provide that
conductor areas not covered by the mask shall be tin/lead plated and fused (see
5.6.4.5)5?r solder coated (see 5.6.4.6). Bonding/adhesion promoters may be required
(see 20.5].

5.7 Printed-wiring board dimensions. The board design shall meet the requirements
specified in 5.7.T through 5.7.5%,

5.7.1 9verall board dimensions. Overall printed-wiring board dimensions {length
and widthl, should coincide with lines of the modular dimensioning system.

5.7.2 Roard thickness. The board thickness shall include metallic deposition,
fusing, and solder mask, shall be measured across the board thickness extremities,
and shall be as specified on the master drawing. In critica) areas such as card
guides, the thickness requirements shall be detailed on the master drawing.

5.7.3 Board thickness tolerance. The board thickness tolerance for types 1, 2,
and 3 shall be as specified on the master drawing.

5.7.4 MHinimum thickness of dielectric layers. Finished type 3 boards shall have a
minimum of 0.0035 inch [.08Y nm} of dielTectric material between the consecutive
conductor layers, when cured. Greater thicknesses should be considered for voltages
greater than 100 volts. The dielectric material will be in accordance with
H1L-P-13949 and may be comprised of ltaminate, prepreg and laminate, or nultiple
layers of prepreg. There shall be no less than two sheets of prepreg (B-stage) or
laminate {C-stage}, or combination thereof used between adjacent conductive layers.
Other bonding films and thicknesses shall be specified on the master drawing (see

5.6.2.2 and fiqure 16).

NOTE: Thickness of dielectric layers shall be measured in accordance with
MIL-P-55110.
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5.7.5 Bow and twist. Unless atherwise specified on the master drawing, the maximum allowable bow
and twist shal) he 1.5 percent.

5.8 Detail board marking requirements. Individual printed-wiring boards and quatity conformance
test circuitry shall be identified in accordance with the master drawing and MIL-STD-130. Provision
shall be made in the design for locating the traceability and date markings that are additionally
required by the fabrication specification. The methods and materials for marking shall be specified
on the master drawing. If ESD marking is required at the board level, it shall be specified on the
master drawing. Marking shall be of a contrasting ¢olor to the background.

5.9 Quality conformance testing circuitry. The quality conformance test circuitry, comprised of
the coupons shown on figure I, shall be a part of every panel used to produce printed-wiring boards
that are designed to this standard. The minimum number of coupons per panel and the requirements for
positioning will be in accordance with table V. Coupons A, B, and F shall be positioned in
accordance with 4.1 and figure 17. Al1 other counons may be positioned at optional locations. Al
coupons required shall be shown on the master drawing, artwork, and production master.

TABLE V. Conformance test circuitry.

T Counon | Type 1 | Type 2 ] Type 3 |
| type I board i board | board |
i i ] i |
I & | Wot required [Mwice per panel apposite [lIwice per panel opposite |
| Micro- | Icorners location fixed bylcorners location fixed byl
I section ! lartwark {see figure 17} lartwork (see figure 17} |
} ] | i |
T "B TTwice per pane| opposite Iiwice per panel opposite [Iwice per panel opposite |
| Micro- Icorners location fixed bylcorners location fixed bylcorners location fixed byl
: section lartwork {see figure 17} Eartuork {see figure 17) =artwurk (see figure 17)
I [Once per panel location [Once per panel location !Once per panel location
i Plating loptional pattern defined loptional pattern defined loptional pattern defined
| lby artwork Thy artwork by artwork
1 | { ]
I D ] Not required [Once per panel location Jonce per pangl location
| Thermal | loptional pattern defined [optional pattern defined
: shock | Iby artwork by artwork

[ { |
R TOnce per panel location [Unce per pane] Jocation [Unce per panel Tocation
| Insulation foptional pattern defined loptional pattern defined loptional pattern defined

|resistance iby artwork Iby artwnrk Iby artwork
|

Not required lTwice per panel opposite

|
F 2/ i
! leorners location
|
|

1
2, | Hot required
Renistration |
I Ifixed by artwork
|

{(see figure 1)

J [When required, once per |[wWhen required, once per |When required, once per
Solder {panel with salder mask  {pane) with soider mask [panel with solder mask
mask Itocation optional llocatian optional llocation optional

———— ] ——— e —] — e ] — e —] — —— ] . ——

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

Ipattern fixed hy artwork lpattern fixed hy artwork |pattern fixed by artwork
i I !

1/ If the panel has solder mask, the E coupon shall be covered with the solder mask.

Ciearances of 0.010 *0.005 should be provided for all surface lands.

2/ Registration coupons are optional and may pe used 1n lieu of microsection evaiuation for
registration.

17



MIL-$TD-275E
3] December 1984

6. DETAIL PART MOUNTING REQUIREMENTS

6.1 Approved methods of attachment. Component VYeads shall pass through Yead
component holes and be attached or the component terminals or leads shall be surface
mounted to the Yand pattern. Part attachment shall be described on the assembly
drawing following the methods specified in 6.1.2 through 6.1.5.4. General mounting
requirements shail be as specified in &6.1.1.

6.1.1 Unclinched leads. Unless otherwise specified, unclinched leads leither
straight or partially bent for retention) shall be soldered in component holes or
eyelets in accordance with IPC-5-815. 1If no clinching requirements are specified on
the assembly drawing, unclinched lead termination shall apply.

6.1.1.1 1In unsupported holes. Llead tip projection shall be required to extend
from 0.020 vnch {0.51 mm} minTmum to 0.060 inch (3.5 mm) maximum from the surface of

the foil.

6.1.1.2 1In plated-through or eyeletted holes. The lead shall be required to
extend at least to the surface of the plating or rim of the eyelet and extend no more
than 0.060 inch {1.5 mm) from the plating surface or eyelet.

6.1.2 Clinched leads. When maximum mechanical retention of a lead or terminal is
required by design, the lead or terminal shall be clinched. The component holes may
be plated-through holes, unsupported holes, or eyelietted holes. Clinching
requirements shal! be defined on the assembly drawing., The lead end shall not extend
beyond the edge of its Yand or its electrically connected conductor pattern in
vigtation of the minimum spacing requirement. Partial clinching of leads for part
retention shall be considered under the requirements of 6.1.1.

6.1.3 Surface terminated ribbon leads. Flat-wire ribbon leads may be attached to
lands on the printed-wiring board. Connections shall be made by soldering only. The
contact area between any lead and land shall be not less than a square having each
side equa) to the nominal width of the tead {(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 I1PC-5-B15 {see figure 1B}. For additiona)

1.

moiunting notes and consideratiuny see 0.2.1

6.1.4 Surface terminated round leads. With prior approval by the government
acquiring activity, designs may stipulate that parts shall be attached with their
round leads soldered to surface terminals {lands) without first passing through a
hole. The lands shall be designed with proper shape and spacing te comply with
proper soldering techniques {see IPC-S-B15}).

6.1.5 Standoff terminals, eyelets, or fasteners.

6.1.5.1 Component attachment to standoffs. Component attachment to standoff
terminals shall be defined cn the assembly drawing and meet the requirements of
IPC-S-B15. Placement of terminals shal) be specified to suit sach application.

6.1.5.2 Attachment of standoffs to boards. A terminal of the funnel flanged type
shall be specified wherever the fTlange must be soldered for electrical connection to
a land. The included angie of such flange shall be hetween 35 and 120 degrees.

6.1.5.3 Eyelets. Eyelet applications used in design shall be in compiiance with
the fellowing:

Attachment requirements - Interfacial connections shall not be made with
eyelets., Lyelets installed at an electrically functional land shall be required
to be of the funnel flange type.

6.1.5.4 Fastening hardware., The installed location and installation orientation
shall be prescribed on the assembly drawing for any fastening devices such as rivets,
machine screws, washers, inserts, nuts, and bracketing. Precautions such as the
specification of tightening torque values shall be provided wherever general) assembly
practices might be inadeguate or detrimental to the board assembly's structure or
functioning.
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6.2 Electrical part mounting. The following are requirements the designer shall
consider and detai] on the assembiy drawing in specific notes or illustrations. A1
such electrical parts, hereafter referred to as components, shall also be selected so
as to withstand the vibration, mechanical shock, humidity, and other environmental

conditions the design must endure when the components are installed in accordance

with 6.2.1 through 6.2.14,

6.2.1 One side only. Parts shall be mounted on only one side of the
printed-wirinrg board assembly whenever possible.

6.2.2 Accessibility. Lands and terminals shall be lotated and spaced so that the
terminations Df each component are not obscured by any other component, or by any
pther permanently instalied parts. Each component shall be capable of being removed
from the assembly without having te remove any other component.

6.2.3 Design envelope. Unless otherwise detailed on the assembly drawing, the
board edge is regarded as the extreme perimeter of the assembly, beyond which no
portion of a component is allowed to extend. The designer shall prescribe the design
envelope with due respect for maximum part body dimeasions and the mounting
provisions dictated by the board and assembly documentation.

6.2.4 Over conductive areas. No parts shall be mounted in dfrect contact with
external conductor areas uniess required for thermal dissipation. [If design
limitations require placement of parts over conductive areas, the part shall be
mounted so that subsequent insulating coating will cover the conductive area under
the part or conductive aresas under parts shall be insulated or protected against
moisture entrapment by applying conformal coating or & cured resin coating by
taminating low-flow preprég materia) in accordante with MIL-P-13949, or by colder

masking over the area prior to nounting the part.

$.2.5 Thermal transfer. Components, which for thermal reasons require extensive
surface contact with the board or with & heat sink mpunted on the board, shall be
protected from processing solutions at the conductive interface. To prevent risk of
entrapment, compatible materials and methods shall be specified to seal the interface
from entry of corresive and conductive contaminants.

NOTE: Even totally nonmetallic interfaces that are prone to entrap fluids can
have adverse effects on the fabricator's ability to pass required
tleanliness tests.

6.2.6 Componeats dissipating cne or more watts. Design for heat dissipation of
components $hall insure that the maximum allpwable temperature of the board material
is not exceeded under operating conditions specified in 5.6. Heat dissipation may be
accomplished by requiring a gap between board and component, using a clamp or thermal
mounting plate, or attaching a compatible, thermally conductive material working in
conjunction with a thermal bus plane to the component.

6.2.7 Stress relief bends. Lands and terminals shail 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-28809. The lead length

for stress retief and lead bend radius shall be in accordance with figure 19, Where
lead bending can not be in accordance with figure 19 in order to achieve design
goals, the bends shall be detailed on the assembly drawing.

1}

6.2.8 Mechanical support. Al1 parts weighing 0.25 ounce (7.19) or more per lead
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.

6.2.9 Axial-leaded parts. Axial-leaded parts shall be mounted as specified on the
approved assembly drawing and mounted so that a portion of the body is a5 close to
the printed-wiring hoard as possible. TFhe leads shall be shaped in accordance with
6.2.7. This does not apply to parts mounted or standoff terminais {(see 6.i.5.1].
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6.2.9.1 Perpendicular mounting. Axial-leaded components weighing less than 0.50

ounce (14g) may be mounted on the assembly using perpeadicular mounting criteria.

The assembly drawing shall prescribe a minimum of 0.015 inch (0.38 mml space between
the end of the component body (or the lead-weld) and the board. Unless otherwise
noted on the assembly drawing, components required to be perpendicularly mounted
shall be installed with their major axis within #i5 degrees of a right angie with
board surface. The maximum vertical height from the board surface shall be 0.55 inch
{14 nm) (see figure 20).

6.2.10 MNonaxial-leaded parts. MNonaxial-leaded parts shall be mounted with the
surface from which the Tead projects a minimum of 0,010 inch {0.25 mm) above the
printed-wiring board surface. Dimensioning of the required spacing under these
components s generally 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 Multiple-leaded components. Multiple-leaded components {(components with
three or more leads), except multiple 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 and prescribing the required underbody clearance
dimension or the gap may be achieved by virtue of the component's own standoff
features. Unless otherwise specified, a clearance of 0.010 inch (0.25 mm)} minimum
applies.

6.2.11.1 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 perfourmance.

6.2.11.2 Sealing. The need for a gap between component body and board may be
avoided by requiring the interface under the component to be sealed with adhesive or
2 combination of adhesive and insulation material, which is compatible with the
board, parts, and conformal coating. This option exists only if all lead
terminations are external to the seal. Repairability shall not be precluded by the

mothod or material selectizn,

6.2.12 Surface mounted components. The requirements and considerations of 6.2.4
apply tao this class of components. Space for cleaning shall be provided to reduce
entrapment,

6.2.12.1 Flat-pack types with ribbon leads. Lead forming is a major design
consideration and shall be detailed on the assembly drawing to provide for lead
stress relief, fit to the land pattern, underbody clearance for cleaning, and any
desigqned-in provisions for thermal transfer {see figure 18 and 6.1.3).

6.2.12.2 Chip carrier type. Leadless components may be attached to the surface of
a land. The component shall be attached to the land of the printed-wiring board in a
way that provides sufficient space under the body of the component to facilitate
cleaning. Land pattern design shall facilitate adequate solder fillets between the
canductor pattern and the component.

6.2.12.3 End-cap discrete components. End-cap discrete resistor and capacitor
components and similar Teadless e¢nd-cap discrete components shall be mounted to
printed wiring or orinted circuitry. The devices shall not be stacked nor shall they
bridge spacing between gther parts or components, such as terminals or other
properly-mounted Ccomponents.

6.2.12.4 Surface monunting nf flattened round leaded components. Components with
axial Teads of round cross-sections shall be utilfzed 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, minimum. For leads with an original
diameter less than the 0.025 inch (0.635 mm), the flattened thickness shall be 50
percent of the original diameter, minimum. The body of a planar mounted axial leaded
component should be spaced away from the board to facilitate cleaning.
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6.2.13 Two-part connectors (plug and receptacle). Two-part connectors containing
male and female quick disconnect electrical contacts and integral aligning hardwgre
to assure proper mating of the contacts shall be snpecified as the only means to inte-
grate plug-in printed-wiring assemblies. Their attachment and mounting methods are
suhject to the design concerns of 6.1, 6.2.3, and 6.2.4. Board connectors may be
uniquely keyed in such a manner only insertion of the proper assembiy is possibie.

6.2.13.1 Wires. VUse of hard wiring directly to plug in connector mounted
printed-wirifig board assemblies shall not be permitted. Plug in assemblies shall
have all external electrical connections accomplished through the .use of two-part

connactors.

6.2.14 JumEer wires. Jumper wires may be used on types 1, 2, or 3 printed-wiring
board assemblies. umper wires shall be terminated in holes or standoffs. They may
also be terminated on lands with prior approval of the government acquiring
activity. Jumper wires shall be considered a component. Jumper wires shall be as
short as practicable and shal) not be appliied 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 iess 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 wires shall be compatible with the conformal coating.

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

6.3.1 Copating area. Printed-wiring assemblies shall pe conformatiy coated with 2
coating material R4t conforms to MIL-1-46058. The coating shall be applied to both
sides of the cleaned printed-wiring assembly including the part leads. The type of
conformal coating shall be listed on the assembly drawing.

6.3.1.1 Surfaces to be free of coating. Surfaces specified on the approved
assembly drawing to be free of conformal coating shall be suitably masked and
protected from conating, roating residues, and masking residues. The masking material
used shall have no deleterious effects on the printed-wiring boards. Printed-wiring
assemblies having adjustable components shall not have the adjustable portion covered
with coating. Electrical and mechanica) mating surfaces, such as probe points, screw
threads, bearing surfaces, and so forth shall not be coated.

6.3.2 Cleaning agents. Cleaning agents and techniques shall have no deleterious
effects on any part of the printed-wiring assembly.

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

6.3.4 Thickness. The thickness of the conformal coating shall he as follows for
the type specified, whea measured on a flat unencumbered surface:

a. Types ER, UR, and AR 0.003 £0.002 inch {({0.08 +0.05 nm).
b. Type SR: 0.005 #0.003 inch {0.13 20.08 nam}.
c. Type X¥: 0.0005 to 0.002 inch (0.010 to 0.05 mm).

6.3.5 Cflectrical performance. Printed-wiring assemblies shall be constructed,
adequately masked, or otherwise protected in such a manner that application of
conformal coating dees not degrade the electrical performance of the assembly.

6€.3.6 Duffer material. If component{s) on the printed-wiring assembly are made of
brittle material {glass or ceramic), they shall be protected against breakage by a
buffer material before applying the conformal coating to the assembly. The buffer
material shall be a thin, pliant material such as polyvinylidene fluoride,
polyethylene terephthalate, or silicon rubber, and be nonreactive with the conformal
coating material and aitl parts of the printed-wiring assembly. Thne buffer material
shall be fungus resistant and flame retardant, and cliear or transparent, so markings
on the components are visible.
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6.3.6.1 W¥nhen required. When conformal coating types SR, XY, UR, and AR are used,
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 location for components to be mounted on
printed-wiring boards covered by this standard.

6.4 Support. All printed-wiring assemblies shall be supported within a maximum of
1 inch T?%gl_ﬁm) of the edges on at least two opposite sides. Support shall be
sufficient to prevent fracture or loosening of the foil or breakage 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 1n accordance with the assembly drawing and MIL-STD-130 with their full
identification. Printed-wiring assemblies which contain electrostatic discharge
sensitive devices shall be marked in accordance with DOD-STD-1686. The marking shall
be 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.
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APPENDIX

10. SCOPE

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

20. DESIGN CONSIDERATIONS

20.1 Design process tolerances and allowances. The data in table VI shall serve
as a guide concerning the tolerances and allowances used in the design process. Due
to tolerance bufldup, 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
toterances, but does not express the limits attainable or perm?ssible for any single
aspect of board design. This data shall not be interpreted as end {tem board

requirements.

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

20.3 Dimensional stability. While MIL-P-13949 limits the allowable dimensional
change of the thin laminate, consideration nmust 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 portions of the board. The result
may be misregistration, and bow and twist beyond that which would be expected from a

simple dimensional change.

20.4 Dielectric constant and dissipation factor. When designing circuits which
depend on stable dielectric properties, consideration should be given to the fact
that MIL-P-12949 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% Surfac renaratian arge conductive areas. The adhesion of prepregs and
other potymers, such as sold ask to large conductive areas, may be improved
through the use of special materials and surface preparations. The use of adhesion
promoters, such as oxide treatments and double treated copper may improve the bonding
of type J printed-wiring boards. A protective chemical treatment may be required to

prevent a reaction between the copper surface and the polymer coating.

-
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20.6 High voltage factors {considerations):

2. 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 least 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 connectipns 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 veltage circuit or ground plane. When large spacings are

involved, the solder ball should be at least .125 inch (3.1 mm) in diameter.
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APPENDIX

TABLE VI. Composite board design guidance.

[ ] ] [~ Reduced

| ! Preferred | Standard l producibility
I ] ] |

{ | | |

|Humber of conductor layers | | |

| {maximum 1/)--ec-cecmenn-- | 6 | 12 | 20
IThickness of total board i | [ )

| (maximm) {inch}---cuuna-u- | 0.100{2.54) | 0.150(3.81} | 0.200(5.08)

|Board thickness tolerance---| #10% of above nominal or 0.007(0.18), whichever is greater
|Thickness of dielectric

{ (minimum)-m--emcmemocooan- ] 0.008(0.20) 0.006(0.15) 0.004{(0.10)

IMinimun conductor width (or |

| figure 4 value, whichever |

I is greater) |

i Internalecee-cmmmomeveen | 0.015(0.38) 0.010{0.25) 0.004(0. 10}
External-----eeceeeaanan | 0.020(0.51) 0.015(0.38) 0.004{0.10)

Conductor width togerance |

Unplated 2 oz/ft“--------- I +0.004(0.10) +0.002(0.05) +0.001{0.025)

Minimum conductor spacing
{or table 1, whichever

| |
| i
I [
| 1
| |
1 i
| | |
| ] ]
] | ]
| 2 | -0.006(0.15) | -0.005(0.13) | -0.003{0.08)

| Unplated 1 oz/ft“--------- ] +0.002(0.05) | +0.001{0.025) | +0.001{0.025}

: : -0.003{0.08) : -0.002{0.05) } -0.001(0.025)

| Protective plated } | 1

| (metallic etgh resist 1 | |

| over 2 az/ft° copper)----| +0.008(9.20) | +0.024{0.10) | +0.002{0.05)

: 1| -0.006{0.15) : -0.004{0.10}) : -0.002{0.05}

1 | | |

1 is greater)----occcoooanao | 0.020(0.51) 1 0.010{025) 1 0.0n5(0.13)

| Annular ring plated-through | | |

| hole (minimum) | | |

| Internal---c-e-eacacana- { 0.008(0.20} [ 0.005(0.13} { 0.002(0.05]

| External--c--mmaccaaaaa. | 0.010{0.25) | o0.008(n.200 | 0.005(0.13) 2/
|Feature location tolerance | [ | -
| {master pattern, material | | |

| movement, and registra- | | }

| tion {rep} i i i

| Longest board dimension | H J

| 12" or less-=-mn-cma-nvs | 0.008(0.20) | 0.007(0.18) | 0.006(D.15)

[ Longest board dimension | ] |

| over 12" cceemcomo. | 0.010(0.25}) | 0.009(0.23) | 0.008(0.20)
IMaster pattern accuracy | | |

I (rep) ! | !

| Longest board dimension | i |

| 12" or Yesg-----ncoo-nan | 0.004(0.10) | D0.003{0Q.08) | 0.002{0.05)

! Longest board dimension | | |

| over 12" oo f 0.005(0.13) | 0.004(0.10) | 0.003{9.08)

| Feature size tolerance--| +0.003(0.08) | #0.002(0.05) | #0.001{Q.025)
|Board thickness to plated | } 1

| hole diameter (maximum)---| 3:1 | 4:1 1 5:1

IHole location tolerance 1 | |

| {rtp) 1 ‘ | I

I Longest board dimension | I !

1 12" or less--=c-cveennns ! 0.005(0.13) | 0.003(C.08) | 0.002(0.05) 3/
[ Longest hoard dimension | [ | -
| over 12" -eocmaeroeo- i 0.007{0.18) | 0.005(0.13) | 0.003(0.08) 3/
{Unplated hole diameter | I |

| tolerance {unilateral) i I |

| Up to 0.032{0.B1)-=-w--- | 0.004(9.10} | 0.003(0.08) | 0.002(n.05)

| 0.033{0.84)-0.063(1.61)-1  0.006(0.15) | 0.004{0.10) | 0.002(0.05)

| 0.064{1.63)-0.188{4.77)-1 0.008(0.20) 1 0.006(0.15) | 0.004(0.10)

See footnotes at the end of table.
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APPENDI X
TABLE V1. Composite board design guidance - Continued.
i T I | Reduced T
l : Preferred : Standard } Producibility =
1 | ] | T
{Plated holte diameter toler- | ; I |
| ance {unilateral) for i | } |
| mininum hole diameter | | | |
| maximum board thickness | I | }
| ratios greater than 1:4 | ! ! |
| add 0.004(0.01) | | | |
| 0.015{0.38)-0.030{0.76) | 0.008(0.20) 1 0.005(0.13) | 0.004{0. 10} |
| 0.031{0.79}-0.061(1.56) | 0.010{0.25) | 0.006{0.15) | 0.004(0.10) |
: 0.062{1.5%1-0.186{4.75) : 0.012(0.31) ; 0.0081D. 20} : 0.00610.15) :
} ! } i |
! } I | |
i i | | ]
i i i ] i

Conductor to edge of board
{minimum)
Internal layer----=-a---
External layer----------

0.100(2.54)
0.100(2.54)

0.050(1.27)
0.100(2.54)

0.025(0.64)
0.100(2.54)

1/ The number of conductor layers should be the optinum for the required board function

and good producibility.

2/ See 5.2.3.
z/ To be used only in extreme situations warranted by the application.

HOTE:

Unless otherwise specified, all dimensfons and tolerances are in inches; data in
parentheses [) {s expressed in millimeters.
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MARKING
SEE NOTE 1
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See Note 12

HIL-STD-275E
31 December 1984

P °'
l__l I._J
TYPICAL OF
INTERNAL
CIRCUIT
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TYPE 3
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COuPON "D"
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LAYER 1
TYPE 2 AND 3
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See notes 8, 9,and 12.

FIGURE 1.
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LAYER 2

TYPE 2 AND 3
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OF INTERNAL
CIRCUIT LAYERS

Quality conformance test circuitry - Continued.
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FIGURE 1. Quality conformance test circuitry - Continued.
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Layer-tu-layer registration {oplional design}.

See notes 1B thru 24
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5
10

¢
L

EPEEEER:

Coupon F, layer-to-layer registration {(optional design}.
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See notes 18 thru 24,
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FIGURE I.

Quality conformance test circuitry - Continued.
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NOTES:

1.

10,
Il.
12.

13.
14,

p—
[0
.

16.
17,

18,
19,
20.

22.

23.

24,

Test coupons are to be identified with the following:

a. FSCM of board manufacturers,

b. Part number and revision letter of master drawing.

c. Board traceability and lot number.

Dimensions are in inches.

Metric equivalents are given for general information only.

Unless otherwise specified, al} 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 minimum land dimension shall be .070 inch {1.78 mm}
+,005 inch (0.12 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 applicable on the layer that is being represented by
the coupon.

The ltengths of coupons D, E, and F are dependent upon the number of layers in the
panel,

For coupon D, a pair of holes and & conductor between same shall be provided for
each layer. Electrical connection shall be in series, stepwise, through each
conductor layer of the board.

For coupons A and B, the minimum land dimension and shape shall be that used on the
assaciated board. The hole sh2l) be the maximum used in this minimum land dimension.
For coupen [, a pair of holes, and the conductor width and spacing shall be .025
+.005 inch,

The gquality conformance test circuitry may be segmented; however, coupons A, B, and
F, when required, must be joined together., Coupons C, D, E, and J may be arranged
to optimize board layout. Al) test coupons illustrated when required must appear on
each panel. The number of layers must 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 | shall be the first layer on the component side, and all
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 be 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 in the
associated board.

The holes in the lands should be the diameter of the smallest components in the
associated board.

The inside diameter of the ¢ircular lands should be design dimension minus 2 x ,002
inch. ({Additional allowances may be made for the etch allowance used in the
dssociated board.)

The clearance hole in the planes used for the specific layer evaluation should be
design dimension minus 2 » 002 inch, Al other clearances should be a minimum of
design dimension plus 2 x .00¢ inch, (Additional allowances may be made for the

etch allowances used in the associated board.)

ihe conductor dimensions should be representative of the essocidated buerd.

The coupon may be reduced or extended to accommodate the number of layers in a type

3 board.

If continuity exists between commonly number lands, the board does not neet the
minimum annular riny requirement of 1,002 inch.

Dark squares represeat melad .

FIGURE 1. Qua)ity conformance test circuitry - Continued.
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ASSEMBLY DRAVING | LAYOUT k

SCHEMATIC DIAGRAM

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

——— TEST SPECIFICATION
——— ASSEMBLY MARKING REQUIREMENTS

MASTER DRAWING

——— MATERIAL

——— FABRICATION PROCESS SPECIFICATION

—— PERMANENTLY ATTACHED HARDWARE
(TERMINALS, RIVETED-ON BRACKETS, ECT)

BOARD MARKING REQUIREMENTS

o ARTWORK
'] (NOT RETAINED) J‘

Ingludes circuit and silk screen masters,

FIGURL 2. Block diagram depicting typical printed-wiring drawing relationships.
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FIGURI 3. Use of grids in defining pattern requirements.




MIL-5TD-275E
3] December 1794

{For use in determining current carrying capacity and sizes of etched
copper conductors for various temperature rises above ambient)
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CROSS SECTION IN SQ. MILS

FIGURC 4a. Conductor thickness dand width for type |, type 2, and external layers of
tyne 3 printed-wiring boards.
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HOTES:

1.

The design chart has been prepared as an aid in estimating temperature rises
{above ambient) vs current for various cross sectional areas of etched copper
conductors, It is assumed that for normal design conditions prevail where
the conductor surface area is relatively small compared to the adjacent free
panel area. The curves as presented include a nominal 10 percent derating
{on a current basis) to allow for norma) variations in etching techniques,

copper thickness. conductor width estimates. and cross- -sectional area.

Additional ueraLlng of 15 percent \LUIlﬂ"L-IIatj is suggested under the
following conditions:

{(a) For panel thickness of }/32 inch or less,

(b) For conductor thickness of 0.0042 inch (3 oz/ft ) or thicker,

For general use the permissible temperature rise is defined as the difference
between the maximum safe operating temperature of the laminate and the
maximum ambient temperature in the location where the panel will be used.
For single conductor applications, the chart may be used directly for
determining conductor widths, conductor thickness, cross-sectional area,

and current-carrying capacity for various temperature rises.

For groups of similar paraliel conductors, if closely spaced, the
temperature rise may be found by using an equivalent cross-section and an
equivalent current. The equivalent cross-section is equal to the sum of the
Cross=secliuns uf Lhe paratiel conductyrs, 4and the equivaient current is

the sum of the currents in the conductors.

The effect of heating dve to attachment of power dissipating parts is not
included.

lhe final conductor thickness in the design chart do not include conductor
overplating with metals other than copper.

FIGURL 4a. Conductor thickness and width for type 1, type 2, and external layers of

type 3 printed-wiring boards - Continued.
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CURRENT IN AMPERE

COMDUCTOR WIDTH IN INCHES
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(FOR JSE IN DETERMINING CURRENT CARRYING CAPACITY AND SIZES OF ETCHED
COPPER CONDUCTQORS FOR VARIOUS TEMPERATURE RISES ABOVE AMBIENT)
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Cunductor thickness and width for internal tayers of type 1 boards.

b




NOTES:
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}. The design chart has been prepared as an aid in estimating temperature rises
{above ambient) vs current for various cross-sectional areas of etched copper
conductors. It is assumed that for normal design conditions prevail where
the conductor surface area is relatively small compared to the adjacent free
panel area. The curves as presented include a nominal 10 percent derating
{on a2 current basis) to allow for normal variations in etching techniques,
copper thickness, conductor width estimates, and cross-sectional area.

2. Additiopal derating of 15 percent {current-wise) is suggested under the
fo1lowing conditions

{a)
{b)

bk mm Ve~

For pﬂﬂel II’I]CK"ESS D'l IIJC iﬂ(.ll Or 1E35.

For conductor thickness of 0.0042 inch (3 oz/ft ) or thicker.

3. For general use the permissible temperature rise is defined as the difference
between the maximum safe operating temperature of the laminate and the
maximum ambient temperature in the Jocation where the panel will be used.

4. For single conductor applications, the chart may be used directly for
determining conductor widths, conductor thickness, cross-sectional area,
and current-carrying capacity for variocus temperature rises,

5. For groups of similar parallel conductors, if closely spaced, the
temperature rise may be found by using an equivalent cross-section and an
equivalent current. The equivalent cross-section is equal to the sum of the
cross-sections of the parallel conductors, and the equivalent current is
the sum of the currents in the conductors.

6. Ihe ettect ot heating due to attacnhment of power dissipating parts is not
included.

7. The final conductor thickness in the design chart do not include conductor
overplating with metals other than copper.

B. The current may be up-rated 100 percent for external circuitry,

FIGURL 4b.

Conductor thickmess and width for internal layers of type 3 boards - Continued.
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Modified fan-out patterns,

FIGURL . tee) mounting requirements,
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FLAT PACK LEADQ‘MM
MINIMUM CONTACT AREA FM

(W BY W) . i
%
FLAT PACK

LAND

Z=
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=

——-Wr--—

FIGURE 9. Typical flat pack land.

4 [ 4

I S

. A.-'.i.
T it
F-L o d i W)
—

T

.015 {NCH MIN (0.380 mm)
.025 INCH MAX{0.635 mm)

FIGURL 10. Coined or flattened lead.
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\ be——— MIN
ANNULAR
RING LAND — 90°
90"
| | N
005 MIN —.. ' ! Z
‘,/ l ~— |— PLATED | 005 MIN
THRU HOLE I
— MIN
ANNULAR

LAND ——' I...—— _r- —/RING
7277 | m e |

FIGURE 11, Minimum annular ring. FIGURC 12. Minimum annular ring,
{External) Internal
Type 2 or 3 boards. Type 3 boards.

INCHES men
TN 095 .13

p | /—\
s 38 /s
A ls— 002 MIN
, 1
| 1t N
/} ]_ .002 MIN
|.9°° L 005 MIN 005 M|N9°°

SHAVED ELONGATED

HOTES:

1. Dimensions are in inches.

2. Motric equivalents are given for general information only.

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

FIGURL 13. Examples of minimum annular ring dimensions,
(External)
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TERMINAL AREA BEFORE

DRILLING

FIGURE 14,

Ground plane lands (typicatl).

Plated-through hole

TERMINAL AREA AFTER
DRILLING

Unsupported hole

A+B-=

FIGURE 15.

[.028 Inch {0.71 mm} MAX

.006 Inch {0.15 mm) MIN

Hule diameter for flat lead,

a2

.020 Inch (0.51 mm) MAX
.006 Inch (@.15 mm) MIN
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1} Pecamha= V08

31—

CLOSEST POINT {PEAK TO PEAK)
4 BETWEEN CONDUCTOR
 LAYERS .0035 MINIMUM

MAXIMUM POINT OF
DIELECTRIC LAYER
THICKNESS (T YPICAL
OF MECHANICAL
THICKNESS MEAS-
UREMENTS OF BASE
MATERIAL )

FIGURE 16. Dielectric layer thickness measurement.
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STRIP IDENTIFICATION

250 (6.35) TEST COUPONS
500 (12.70) 1P ) \ AA,B AND F WHEN REQUIRED
‘t—“m "1 - ALTERNATE
* I POSITIONS
SINGLE FOR C,D,E,
|__BoarRD __| AND J COUPONS ~--4 -~
IMAGE :
"} ARTV;’ORK
)
SEE ' o1
NnoTE3/ | ° Rl
TEST- Lrare TWO BOARD PANEL
COUPONS IDENTIFICATION
A,B ANDF WHEN
REGUIRED
[ . (e mm
o1 o
THREE BOARD PANEL FOUR BOARD PANEL
imarme rn
.  Bm—=gEER=su
O oD
Stx BOARD PANEL NINE BOARD PANEL
HOTES:
1. Dimensions are in inches.*
2. Metric equivalents are in parentheses.
3. Other coupons as required for use by fabricator to position on panel.

Location on artwork is optional and location on panel is optional.

FMGURL 17. Locetion of test circuitry based on number of boards fabricated per panel.
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FLAT LEAD SOLDER

) S
T-LEAD THICKNESS J

3T MAXIMUM
) NG

LAND -1

LAMINATE

FLAT LEAD

LAND

FIGURE 18. Flat lead termination.
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STRAIGHT FOR 2

DIAMETERS BUT NOT
LESS THAN 030
INCH (76 mm)

—— STRAIGHT FOR 2 -y

DIAMETERS BUT NOT
LESS THAN .030
INCH{.76 mm)

A, L

R

A, STANDARD BEND

L U e
Al e

B. WELDED BEND

HOTE: Heasurement shall be made from the end of the part,
(The end of the part is defined to include any coating
meniscus, solder seal, solder or weld bead, or any
other extension.) {For figure 198).

Lead diameter in inch

Minimum radius {R) inch

Up to .027 (0.69 nm) 1 diameter
From .028 (0.7) mm)} to .047 {1.19 mm) 1.5 diameters
048 (1.22 mm) and larger 2 diameters
FIGURE 19. Lead bend.
— [5° MAX
ANY DIRECTION
i
£
th
Iy
(NN
Ll
i gl U
.55 INCH ]
(1.4 mm)
MAX
_/ + =
S W,
\d o
.015 INCH
{O0.38mm ) MIN

TIGURE 20. Perpendiculer poart mounting.
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