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I. SCOPE 

I.I Purpose. Thts st•ndard establishes desfgn requirements governinq rigid, 
single-sided printed-wiring boards, double-sided printed-wiring boards, multilayered
printed-wiring boards, printed-wirin1 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, printe~-wiring assefflblies. back planes, ~other boards\ shall be 
conformally coated (see 6.3.1). Conformal coating shall be in accordance with 
KIL-I-45059. 

1.2 Classification. Printed-wiring boards shall be of the types shown, as 
specified !see 4.2): 

Type I - Single-sided board 
Type 2. Double-sided board 
Type 3 - ~ultilayer board 
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2. REFE~ENCEO OOCUHENTS 

2.1 Government documents. 

2.1.1 Specifications, standards, and han~books. Unless otherwise specified, t~e 
following spec1f1ca£1ons, standards, and handboo~s, of the issue listed fn that issue 
of the Oepartment of Defense Index of Specificatioos an~ Standards (OoDISS) soecified 
in the solicitation, form a part of this standard to the e~tent specified herein. 

SPECIFICATIONS 

l-F-340 

QQ-B-626 

QQ-B-750 

QQ-C-576 

QQ-N-290 
QQ-S-571 

MILITARY 

HIL-D-8510 

HIL-P-13949 

~IL-C-14550 
HIL-P-28909 
HIL-G-45204 
Hil-i-46056 

HIL-P-55110 
HIL-P-81728 

STANDARDS 

MILITARY 

DOD-ST D-100 
Mll-STQ .. 130 
DDD-STD-1686 

Film, Sensitited, ~•sh-Off Process, Olazotyoe, Hoist and 
Dry Process, Brownprint, Roll and Sheet. · 
Brass, Leaded and ~onleaded Rod, Shapes, Forgings and Flat 
Products with Finished Edges (Bar, Flat Wire and Strip).
Bronze, Phosphor Bar, Plate, Rod, Sheet, Strip, Flatwire, 
and Structural and Special Shaped Sections. 
Copper Flat Products with Slit, Slit and Edge-Rolled, 
Sheared, Sawed, or 'lachined Edges. (Plate, Bar, Sheet, and 
Strip). 

Nickel Plating (Electrodeposited). 
Solder; Ttn Alloy; Lead-Tin Alloy; and Lead Alloy. 

~rawings, 11ndimensio~ed, ~eproducibles, Photoqraphic ijnd 
Contact, Prepar,1tion of. 
Plastic 5heet, L•minate~. Hetal-Clad (For Printed Wiring). 
General Specification for. 
Copper Plating (Electrodeonsltedl. 
Printed.~iring ~sscmblies. 
Gold plating. ~lectrodeposited. 
insuiating Compound, Eiectricai {For Coating Printerj 
Circuit Assemblies}. 
Printed.Wiring 9oarrjs. 
Plating. Tin-Lead, :1ectrodeposited. 

Engineering Drawing Practices. 
Identification Karking of U.S. ~ilitary Prnperty. 
Electrostatic Oischarge Control Program For Protection of 
E1ectrfca1 and Electronic Part~. Assemblies and Equipment. 

(Copfes of specifications. standards, drawings. and publications required by 
manufacturers in connection with specific acquisition functions should be obtaine1 
from the contracting activity or as directed by the contracting officer.) 

2.2 Other ~ublications. The following documents form a part of this standard to 
the e~tenf 1n 1cated herein. The issues ~f the documents which are inrlicate~ as ~~D 

adopted shall be the issue listed in the current 6oOISS and the supplement ther~to, 
if aoolicahle. 

ANSl-r14.5 Dimensioning and Tolerancing for Engineering Drawings. 
ANSJ-Yl4. l Drawing Sheet Size an~ Format 
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(Application for copies should be addressed to the American ~ational Stan~ards 
Institute, Inc., 1430 Broadway, New York, UY 10018.) 

A~ERICAN SOCIETY FOR TESTING AND ~ATERIALS (AST~J 

ASTH - E53 Stan~ard ~ethod for Chemical Analysis of Copper 
(Electrolytic Qetermination of Copper!. 

(Application for copies should be addressed to the American Society for Testing and 
Materials, 1916 Race ,treet, •hiladelohia, PA 191~3.) 

INSTITUTE OF ELECTRICAL AND ~LECTRQNJCS E~GINEERS (IEEE) 

IEEE-STD-200(ANSI 13~.16) - Reference nesignations for Electrical an~ 
Electronic Parts and Equipments. 

(Application for copies should be addressed to Institute of Electrical an1 
Electronics Engineers Service Center. ~TT~: Pu~lfcation Sales, 4~~ ~ose L~ne. 
Piscataway. NJ 08854.) 

INSTITUTE FOR J~TERC~NN[CTJNG AND PACKAGING ELECTRO~JC CJR~UJTS (IPC) 

IPC-T-50 Terms and Oefinitions. 
IPC-CF-15~ Copper Foil for PrintP.d ~iring ~pplications. 
IPC-D-350 End Product Description in Numeric Form. 
IPC-S-815 General Requirements for Solnering Electronic 

Interconnections. 
JPC-SM-840 Qualification a~1 Performance of Permanent Polymer 

Coating (Solder ~ask) for Printed Boards. 

(Application for copies should be addressed to the Institute for Interconnecting
and Pact•gfng Electronic Circuits, 3451 Church Rd., E•anston, IL 6~203.) 

2.3 Order of orecedence. In the event of a conflict between the text of this 
standard and the references cited herein. the text of th;s standard shall ta~e 
precedence. 

J 
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4. GENERAL REQUIREMENTS 

4.1 Design features. The design features of the printed-wiring boards shall be in 
accordance w,th this standard. Quality conformance test circuitry shall also be 
included on the production master. Quality conformance test circuitry shall be 
included on each panel and shall be in accordance with figure I and 5.9. Test 
circuitry shall be not more than D.5 inch (13 mm) and shall be not less than Q.25 
inch (6.4 r.im) from the edge of the printed board, and represents all the 
manufacturing processes such as drilling, plating, etching, fusing, ground/voltage/ 
thema\/methanical planes or core~. separately fabricated layers, permanent coatings 
{solder mdsk) dnd so forth. 

4.2 Documentation. Requirer.ients for drawing content r.iay 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.l ~eference 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-STD-200. 

4.2.2 Deviation request and approval. When a deviation to thfs standard is 
necessary, or has been granted in the initial contract design description, the 
contractOr (before proceeding further) shalt furnish each proposed master drawing, or 
a detailed deviation request to the Government Agency concerned for approval ~fth 
justification for the deviation. If approved, all deviations granted shall be 
documented 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 1ist. When new or additional deviations from this 
standard or drawing are necessary, the contractor Ibefore processing further) shal 1 
furnish one copy of each proposed master drawing being revised, or a detailed 
deviation request to the Government Agency concerned for approval with justification 
for the deviation. if approved. ail deviations granted sha11 be documented on the 
master drawi~g or th~ 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 1 ist shall take precedence. 

4.3 Master dra~ing. The master drawing shall be prepared in accordance with 
000-STD-100; shall include all appropriate detail board requirements (see section 5), 
and the following: 

a. The type. size. and shape of the printed-wiring board~ 
b. The size, location, and tolerance of al 1 holes therein. 
c. Etchback allowances, when required or permitted. 
d. Location of traceability marking. 
e. Dielectric separation between layers. 
f. Shape and arrangement of both conductors and nonconductor patterns defined 

on each layer of the printed-wiring hoard. Copies of the ~reduction 
masters or copies 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 ettqer specifically. or by reference to the grid system 
( see n) . 

i. Processing allowances that were used in the design of the printed-~iring 
board (see 5. I.I, 5.1.4, 5.2.1.2, 5.2.2, ,nd 5.2.2.6). 

j. All notes either included on the first sheet(s) of the master drawing or by 
specifyinq the location of the notes on the first sheet. 

k. Conductor layers numbered consecutively starting with the component side as 
layer 1. If there are no conductors or lands on the component side, the 
next layer shall be layer l. For assemblies with components on both sides. 
the most densely populated side shal 1 be layer I. 

s 
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1. 
m. 

Identification marking (see 5.8). 
Siz'?. sha~e. and location of reference 
required (see h). 

rtesignation and le9end markings, if 

n. A modular grid system to identify all holes, test points, lands, and overall 
board dimensions wfth modular units of length of 0.100, 0.050, 0.025, or 
other multiples of 0.005 inch in that order of preference ..For design where 
the majority component locations are metric~based (SI), the basic modular 
units of length shall be 2.0, 1.0, 0.5, or other ~ultiples 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. Oimensions for critical pattern features which may effect circuit 
performance because of distributed inductance or capacitance effects 
within the tolerance required for circuit oerfonnance. 

p. All terms used on the master drawing shall.be in conformance with the 
definitions of ANS!/!PC-T-50 or ANSI Yl4.5 (see 3.1 and 2.2). 

Q. Oeviations to this standard (see 4.2.2). 
r. 'linimum line width and spacing of the finished printed-wiring board. 
s. Maximum rated voltage (maximum voltage between the two nonconnected 

at1jacent condui:tors with the greatest ootential differe.nce) for type 3 
boards only. 

t. Plating an~ coating material( sl and thic~nesslesl. 
u. l~entification of test points required by the design (see 5.1.8). 
v. Applicable fabrication specification with date(s), revision letter, and 

amendment number. 

When continuation s~eets of a drawing are used for conductor pattern definition, 
they need not be prepared on standard drawing forms provided standard sheet sizes are 
userl with standard continuation sheet title blocks in accordance with ANSI Yl4.l 
located in the lower right corner of each sheet. Numeric form of end product
descriptions shall be in accordance with !PC-D-35D. 

4.3.1 Hole location tolerance. Unless otherwise specified, the location of holes 
shall ~~ rl1mens1onert w1th r~sp~ct to 5in9l~ or ~~condary ~rid systems. (ach 
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 
a~rj definerl on the master drawing in either note form or by reference to another 
drawing which contalns 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 plated hole ;snd what may appear on the artwork; or any 
other feature conditions considered in the design where the variation between 
end-prorl1Jct and artwork configuration play a role in the producfbilfty of the 
printed-wiring board. 

4.3.3 Oatums. There shall he a minimum of two ~atum feat11res to establish the 
mutually perpendicular datum reference frame for each board. These datums shall be 
est;slllished by at least two holes, points, symbols, or other datum features, but not 
edges. Critical rlesign features may require the use of more than one set of datum 
references. The ~aster drawing shall establish the relationship and acceptable 
tolerance between all datums teatures•. All daturq features shall be located on grid 
or establish grid criterion, as defined on the master drawing, ~nd should be on or 
within the outline of the printed-wiring boards. 

6 
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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 accor~ance with 000-ST0-100 and should 
include at least the following: 

a. •arts and material list. 
b. Component mounting and installation requirements. 
c. Cleanliness requirements per MIL-P-28809. 
d. Location and identification of materials or components {or both}. 
e. Component orientation and polarity. 
f. Appiicabie ordering data from HiL-?-28809. 
g. Structural details when required for support and rigidity. 
h. Electrical test requ;rements. 
i. Marking requirements. 
j. Electrostatic discharge protection requirements. 
k. Special solder plug requirements. 
l. Eyelets and terminals. 
m. Lead forming requirements. 
n. Type of conformal coating and masking. 
o. Solder mask. 
p. Traceability. 

The printed-wiring assembly drawing shall inclu~e the definition of any conditions 
considered in the design where the manufacturing variation between the end product 
and assembly configuration play a role in the producibility or oerformance of the 
printed-wiring assemblies. 

4.4.l roval. When a deviation to this standard is 
necessary, or as een grante ,n t e initial contract design description, the 
contractor (before proceeding further) shall furnish each proposed assembly dr:twing, 
or a detailed deviation request to the Government Agency concerned for approval with 
justification for the deviation. If approved, all deviations ~ranted shall be 
documented on the assembly drawing. 

4.4.2 Government furnished assembly 1rawinqs. Any deviation from this standard or 
the drawing shal 1 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 o~e copy of each proposed assembly drawin~ being revised, or a detailed 
deviation request to the Government Agency concerned for approval with justification 
for the deviation. If approved, all rleviations granted shall be rioc,,mented on the 
assembly drawing or the Government approved deviations list. 

4.4.3 Conflicts. In the ~vent of any conflict between the approved assembly 
drawing supp,emented by an approved deviatiora list, if applicable, arid the 
requirement of this standar~, the approve1 asse~bly drawing anrl deviations Jist sha11 
take precedence. 

4.5 Pro~uction Master. When specified in the contract or putchase order, ,1 produc­
tion master of each layer shall be provided as part of the drawing set. When a pro­
duction ~aster is not supplierl, the manufacturer ~~all be responsible for the 
preparation of the production master with sufficient accuracy to meet the 
requirements of the printed wiring tl~tailed on the naster tlrawinq. The prod11ctio~ 
master shall be as defined in IPC-T-50 and shal 1 be supplied or prepared on 0.0075 
•0.0005 in~h thick ~iaxially oriented, dimensionally stable polyester type film or 
cqua1, in accorr1ance with MIL-D-8510. type II: L-F-340 film, photographic subclJss a, 
cl.ass 2, type I or ll. style lA. or photographic 9lass olates. The accur,1_cy nf the 
production master (single image. multiple image, or any associated quality assurance 
co1Jpons) shall be such that the lands, conductors, and other features sh,ill be 
locatr.rl within 0.004 inch diaraeter of the true grid position established for the 
layer, r1nt1 that for the cnm~osite production master, the features of all layers shall 
coincide within 0.006 inch diam~ter of the true qrid position, when mea~ured at 2o·c 
•i·c. and SO :1:5 percent r!"lat;ve humidity after the ::,at~rial has stabilized. In the 
event that tighter tolerances are required in order to produce printe~ wirin3, the 
prod11ction master preci~ion requirnmcnts as con~idered in th~ rlesign process, shall 
be defined on the master rlrawing. 

https://locatr.rl
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5. DETAIL BOARD REQUIREMENTS 

5.1 Conductor pattern. 

5. I.I Conductor thickness and width. The width and thickness of conductors on the 
finished pr1nted-w1r1ng 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 figure 
4b for internal layers of type 3 ~oards. For ease of manufacture and durability in 
usage conductor width and spacing requirements shall be maximized while maintaining 
the minimuD spacing requirements of table I. The minimum conductor width shown on 
the master drawing shall be not less tha• 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.l and table VI of the 
appendi)l. 

5.1.2. Conductors with less than 90° included a~gle. All conductors that change 
direction where the 1ncluded angle 1s less than 90 shall have the external corners 
of the conductor rounded. 

5. l.J Conductors. The length of a conductor between any two lands should be held 
to a minimur.1. However. conductors which are straight Jines and run in X, Y, or 45• 
directions in general are preferred to aid co~puterized documentation for mechanized 
or automated layouts. 

5.1.4 Conductor spacing. Larger spacings shall t>e used whenever possible and the 
minimum spacing between conductors. between conductor patterns. and between conduc­
tive materials (sue~ as conductive markings or mounting hardware} and conductors 
shall be in accordance with table 1, 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 aJlowances as shown in 20.l and table YI of 
the appendix. Plated-through holes passing through internal foil planes (ground and 
voltage} and thermal planes shall meet the same minimum clearance between the 
plated-through hole and foil or ground planes as required for spacing between 
internal conductors. 

TABLE I. Conductor spacing. 

Voltage between conductors I lh n1mum seac,ng 
DC or AC peak (volts) I Surf ace layer-s I Internal layers 

I I 
0-100 10 .005 inch ( 0. 13 mm) 10.004 inch (0.10 mm) 

101-300 10.015 inch (0.38 mm) ID.DOB inch (0.20 mm) 
301-500 I0.030 inch (0.76 mm) 10.010 inch (0.253 mm) 

Greater than 500 .!/ 10.00012 inch ( .00305 om) 10.0001 inch ( .0025 mm) 
lper volt Iper volt 
I I 

For reference only, voltages greater than 500 should be evaluated for the specific!I 
design application. 

8 



MIL-STD-275E 
31 December 1984 

5.1.5 Edge spacing. The m1n1mum spacing between conductive patterns and the edge 
of the printed-wiring board or any adjacent conductive surface, such as supporting 
structure or frames (nonmoving), shall be not less than the minimum spacing specified 
in table l plus .015-inch (O.JB 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 is not applicable to heat sinks and ground planes. To maintain the edge 
spacing shown on the master drawing, the edge spacings shall be compensated for 
process allowances as shown in 20.1 and table VI of the appendix. 

5.1.6 Large conductive areas. Large conductive areas Increase ~he likelihood for 
blistering or bowing dur,ngtne soldering operation. The pattern and location of 
large conductive areas should be per 5.1.6.1 and 5.1.6.2. Design of conductive areas 
shouJd provide balanced construction and include the use of nonfunctional copper, if 
practical. 

5.L6.l Larfie external conductive areas. External conductive areas that extend 
beyond a I-inc diameter circle should contain etcheo areas that will break up the 
large conductive area but will retain the continuity and functionality 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 

~~~~~~i7;es!~:a~fl;~;e~0 !h~~ o~~;~ 0 1~~he~a!~a~ss~~~1°~:i·o~v:;Pi~!!~"~nd:;ai~e solder 
mask, see IPC-SM-840 and 20.5 of the appendi,. 

5.1.6.2 Lare e 3). When a conductive area that 
extends beyon -1nc 1ameter c1rc e 1s use on an internal layer. the layer 
should be placed as near the center of the board as possible 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.!.7 lnterfac?al connections. Jnterfac1a1 connections on type 2 and 3 
~rinted-~iring boards shall be made by use of plated-through holes only. Wires. 
standoff terminals. eyelets. rivets, or pins shall not be used to provide interfacia1 
connections. 

5.1.7.1 Solder fillets and plugs. Printed-wiring boards subjected to wave or dip 
soldering shal 1 be des1gned to facilitate flow of solder around component leads in 
plated-through holes and into plated-through holes without leads, so as 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 
promote solder plugging. In the event solder plugging due to natural capillary 
action is not possible. such as when a heat sink is bonded directly 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 
polymer 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
techn;que that will prevent solder access to the hole. All techntques ~ust have 
sufficient durability to not break up when exposed to the solder process. Tte 
printed-wiring assembly drawing shall define the absence of such solder plug
requirements. As a min;mum solder plugs shal 1 be required in: 

a. Al 1 electrically functional and nonfunctional plated-through holes with a 
lead; the lead is requireO to be surroundeO 360" by the solder plug no matter 
what techn;que for soldering is used. 

b. Any plated-through hole without a lead, that is subject to wave or dip
solderin9 with the degree and percentage of hole plugging described by the 
appropriate assembly or soldering specification (M!L-P-28809, IPC-S-8151. 
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Solder plugs are not necessar)ly required in: 

a. Any unsupporte1 hole without• le,1. 
b. Nonfunctional plated-through holes (hand sol1ered or vapor phase reflowe1 

assembly). 
c. Any electrically functional plated-throu7h ~ole (without a lea1) not 

subjected to wave or dip soloering. 
d. Any ~lated~through hole covered with p~rrna~ent solder mas~. other poly~eric 

cover layer (not conformal coating) or is already filled with an appropriate 
polymer in order to prevent hole access during wave or 1ip sold~rinq. · 

e. Any plated-throu9h hole, electrically ,,nctional or not, without a lead, 
where access to the hole is limited by components, heat sin~s. by design 
(blind vias), or where access of solder to the hole is prevente~ during the 
solder process. 

5.1.9 Test ooints. When requireo hy the design, test points for orohinq shall be 
provided as part of the conductor pattern and shall be identified on the m~ster 
drawing and the assembly drawing. These •probe pointsu shall re~uire that a land be 
available for probing as opposed to a conductor. Vias or component lead m~unting 
lands may be considered as probe points provided that sufficient area is available 
for probing and maintaining the int~~ritt of the via or compon~nt lead mounting 
joint. Probe points shall meet the olating requirements of 5.~.4. 

5.2 lands. lands shall be provided for each point of attachment of a part lea~ or 
other electrical connection to the printe~-wiring board. 

5.2.l Lands for throuqh hole attachment. When through hole attachment is 
required, al I of the requ1rements of 5.2 shall be considered in the design nf the 
printed-wiring board except where 5.2.2 applies for surface attachment. 

S.2.1.l lands location. The lan~s shall completely surround ~nd abut on the 
mounting holes except where 5.2.2 and 5.2.~ applies. 

S.2.1.2 Through ~ole land area requirements. The mi~imu~ dia~eter of the lanrl 
surrounding an unsupportea no1e sna11 ~eat ,e~st 0.040 inch (1.02 m~i greater than 
the maximum diameter of the hole. When eyelets or standoff terminals are us~d. the 
lands on type I, type 2, and external layers of type J boards shall be so designed as 
to have a minimum rliameter of at least O.~tO inch greater than the maxi~um diameter 
of the projection of the eyelet or standoff terminal flange. The minimum ~iameter of 
a land surrounding a plated-throug~ hole on type 2 and type 3 boards shall be 
determined by cons·idering the following: 

a. ~aximum diameter of the drilled hole. 

b. Minimum annular ring requirements "(see 5.2.J). Etchbatk, when required, will 
reduce the insulation area that supports the intern31 land. The m1n1mum 
annular ring considered in the design shall be not less than the maximum 
etchback allowed. 

c. A standard fabrication allowance, determin~d by statistical survey, which 
considers production master tooling and process variations required to 
fabricate boards (see ta~le Ill. 
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TABLE II. Minimum standard fabrication allowances for plated-through hole attachment. 

I Greatest board/panel dimension Preferred Standard 
I inches inches 

!Up to I 2 inches 0.028 0.020 0.012 II 
I 

!Hore than I 2 inches o. 034 0.024 0.016 II 

The above considerations shalt b~ incorporated into the ~inirnu~ 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 ~ith good design 
practice and electrica] clearance requirements. 

For copper weights greater than I oz/sq.ft., •dd 0.002 inch mini~um to the 
fabrication allowance for each additional oz/sq.ft. of copper used. 

5.2.2 Lands for surface attach~ent. When surface attachment is required, ~11 of 
the requirements of 5.2 shal I be cons1dered 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. 

5.2.2.1 Lands for end-cappert discrete corn~onents. Discrete components. when 
mounted as def1ned 1n 6.2.12.3, shal I have t e1r land relationships identified as 
shown on figure 5. 

5.2.2.2 Lanrt oattern for leadless chip carrier~. The attachment lands for surface 
mounting leadfess chip car~iers shoula be t~e -same width as the component terminal 
{CJ5ti1Jtion ~Jximu~} plus G.005 inch (0.0! rn~) ~henever possible. The land length 
should extend between 0.015 inch to 0.04 inch (0.38 to 1.02 mm) beyond the maximum 
c~ip carrier outline on all four sides to create a horizontal so11er fillet length 
equal to the vertical fillet rise (see figure 6). The design of fan-out to 
interconnect the hasic land oattern to other circuitry/devices is dependent on wiring 
density, testability, assembly, repairabflity. 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 grid should be compatible with assembly and testing equipment 
so as to minimize the amount of specialized and complex equipment necessary. 

5.2.2.3 Lands for leaded chi~ carriers. The land size for ceram;c and for leaded 
chip carriers should match theead conf1gurations. 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. Other typ~s of l~ads u.sed for chip carriers 
should have the land commensurate with the lead configuration, in order to create a 
horizontal solder fillet length at the toe and heel of the lead configuration, as 
shown on figure 8. 

5.2.2.4 Lands for ribbon leaded su~face ~ounted parts. The 1anrl requirements for 
mounting ribbon leaded parts, such as "flat packs", "quad packs", or small outline 
devices~ shall preferably be rectc1ngular. 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 heel and toe of the ribbon lead. The ~inimum land 
width shal I be approximately one and one-half times the width of the lead, or 0.005 
inch (0.13 mm)~ whichever is less (see figure 9). flat pack tentination shall he 
staggered to permit greater spacing wherever possible. The center position of ribbon 
leartert components should be on a fixed grid, wherever possible, to facilitate testing. 
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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 
asseobly drawing. · 

5.2.2.6 Lands for plated-throu h holes (vias for ~oards with surface attached 
partsl. The "1nimur, d1ai,eter o a 1 and surrounding a plated-through -hole on type 2 
and type 3 beards ~here surface attachment is used shall he determined by considering 
the following: 

a. Haximum diaAeter of the drilled hole. 
b. Minimum annular ring (see 5.2.3). Etchbad, when required, will reduce the 

insulation that supports the internal lanrl. The minimum a"nular ring 
considered in the design shall be not less than the maximum etchback allowed. 

c. A stan~ar~ fabrication allowance, determiried by statistical survey, which 
considers tooling production master and process variations required to 
fabricate hoards (see table Ill). 

TABLE Ill. Minilnum standard fabrication allowances for surface attachment. 

Reduced 
IGreatest boa rd/pane 1 dimension Preferred Standard producibility 
I i nc hes i nc hes inches 

!Up to 12 inches •o. 026 •o. 01 a •0.010 I/ 
I 

IMore than I 2 inches •0.032 •0.022 •0.014 .!.I 

The above considerations shall ~e incorporated into the minimum land provided on the 
master pattern such that: Minimum land diameter =- a•Zb•c. Al 1 lands and annular 
rings shall De maximized w~erever feasible, consistent with good ~esign practice and 
electrical clearance requirements. 

I/ For copper ~eights greater than I 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 rin¥ considerations. The minimum annular ring on external layers is 
the minimum amount o copper (at the narrowest point) between the edge of the hole 
and the edqe of the land aft~r plating of the hole. The minimum annular 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 0.015 
inch. The minimum annular ring for a plated-through hole in type 2, 
and external layers of type 3 boards shall be 0.002 
where the conductor joins the land the annular ring 

inch, 
shall 

except 
be 0.005 

inch minimum {see figures 11 and 13). 

ll'lternrtl - The minimum annular rin9 for internal lands on tvpe 3 boards shall 
be 0.002 inch fsee figure 12). Etchback, when rfquired, will reduce 
the insulation supporting the annular ring of internal lands. The 
minimum annular ring considered 
the ~axi~um etchbac~ allowed. 

in the design shall be not less than 
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5.2.4 Nonfunctional lands (t e 3, internal la ers). Nonfunctional lands may be 
fncluded on ,nterna ayers o type boar s. ey need not be used where electrical 
clearance requirern~nts do ~ot 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 as 
that for conductors on internal 1 ayers ( see table I). 

5.2.5 Thermal relief In conductor planes. Thermal relief 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 a 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 Offset 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 lead from the land. 

5.3 Holes. 

5.3.1 Quantity. A separate component hole shall be provided for each lead or 
terminai or a part or end of wire jumper ex.cept as specified in 5.2 and 6.2.14. 

5.3.2 -.c..,:-'---,--,---,--,--;.ic:-~,,-;.,,-a-,=-::- The diameter of an unsupported terminal hole 
shall not e,cee by more than 0.0 inch (0.51 mm) and shall be not less than 0.006 
inch (0.15 'l1m) 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 flat 
ribbon leads are mounted through unsupported holes, the different• between the 
nominal diagonal of the lead and the inside diameter of the unsupported hole shall 
not e.ceed 0.020 Inch (0.51 •1111) and shall be not less than 0.006 inch (0.15 mm), as 
shown on figure 15. 

5.3.3. Eyelet hole diameter, Eyelets shall not be used ;n nev desian ynless 
approve~ ~y th~ Gov~rnm~nt acquiring ~ttivity. WhPn PyPlets dre used, thP diameter 
of holes in which eyelets are inserted shall not exce~d the outside diameter of the 
barrel of the eyelet by more_ than 0.006 inch (0.25 mm). The ma.imum inside diameter 
of the eyelets shall be not more than 0.028 inch (0.71 mm) greater or less than 0.006 
inch than the nominal diameter of the lead or terminal to be inserted in the eyelet, 
unless the lead 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'bothl 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 less than the printed-wiring board thickness or the hole diameter, whichever is 
smaller. 

5.3.5 Location. Al 1 land and hole locatioos shall be at the grid intersections of 
the modular dimensioning system (see 4.J} 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 
fro~ the 9r1d 1ntersect1ons established by the ~aster drawing shall be mounted or 
attached to the printed-wiring boa~d with one of the following hole patterns: 

a. A hole 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 ~imensioned from the grid location or from datum origin. 

b. A hole pattern where the center of the pattern is located 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 \nde~in~ hole~. lf indexing ~oles are to aopear on the printed-wiring 
board, they sha1 be ~1~ensioned on the master drawin9. 

5.4 Eyelets and standoff terminals. Eyelets and standoff terminals are to be 
considered components and spec1f1ed on the assembly drawing. 

5.4.1 Material. The eyelets shall be made of copper conforming to OO-C-576. 
Standoff terminals shall be made of brass conforming to OQ-B-626 or bronze conforming 
to OO-B-750. 

5.4.2 Finish. The eyelets shall be tin-lead plated and fused (se~ 5.6.4.5). The 
standoff terminal shall be finished in accordance with 5.6.4.5 or 5.6.4.6 after 
having been underplated with o.aOOI inch (O.OOJ mm) minim~~ copper in ~ccordance with 
MIL-C-14550. 

5.4.3 Flange design. The flange used to ma<e 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 ma,imum diameter of the plated-through hole sh•II 
not be more than 0.028 inch (0.71 mm) larger than the nominal of the inserted lead or 
the nominai diagonai of a fiat ribbon iea1, as s~own on figure i5. The minimum 
diameter of the plated-through hole sh,11 be not less than 0.006 inch (0.15 mm) 
larger than the nominal diameter of the ins~rted le~d or nominal diagonal of a flat 
ribbon lead. Unless otherwise specified, t~e ~ole size shall ~e the finishe~ platerl 
size after solder coating or solder plating. Plated-throu1h ~oles used for 
functional interfacial connections sha11 not be used for the mounting of devices 
which put the plated-through oole in comoression. Plated-through holes used for 
functional interfacial connectio~s s~all not be used for the ~ountfng of eyelets. 
standoff terminals, or rivets. The thickness of electrolytic copper olating in the 
hole shall be 0.001 inch (0.03 mm), minimum. The walls of plated-througo holes shall 
b~ solder coated (see 5.6.4.6) or tin/lead olated and fused (see 5.6.4.5) as part of 
surface conductive cover requirements (see 5.6.4). Solder coating or tin-lead 
plat)ng does not ~pply t.o plAtPrl-through holes which are jnternal to the 
printed-wiring board and do not extend to the surface. The end product dia~eter of 
plated-through holes shall be specified on the master drawing. 

5.6 Mat~rials. Printed-wiring bOdrd d~signs shall be such that internal 
temperature r1se due to current flow in the conductor (see ~.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 ta~e this local factor, plus the 
equipments general internal rise in te~perature, plus the specified operating ambient 
temperature for the equipment into account. Hot spot temperatures shall not e~ceed 
the temperatures specified in table JV for the laminate material selected. Materials 
used (copper~clad. prepreg, copoer foil, heat sink, etc.} shall be specified on the 
master drawing. 

5.6.l Metal-Clad laminates. The printed-wiring ~oards shall be fabricated from 
the metal-clad laminates ~pecified ln ta~)e 111 and cooper foil types specifietl in 
IPC-CF-150. The type of board(s) that each material ~ay be used in is indicate~ in 
table IV. 
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TABLE IV. Clad laminates. 

I 0pera£1ng Board tyye 
Specification I Base material temperature 1/ 1 I 2 3 

I I I 
I I 

IMIL-P-13949 PX 1os·c X I X I 
I G£, GF 2/ 12s ·c X 3/1 X 3/1 X 
I GB, GH, GP, GT, GX7 GR, GY 1 so· c x- I x- I X 
I GI 4/ I 70" C X 3/1 X YI X 
I - I I 

1/ Ambient temperature plus the temperature rise caused by current in the con-
ductors I see 5. I. I). 

2/ GE or GF laminates shall not be cor.ibined in one board with GI prepregs. 
'JI See 6.4. 
7;/ When GI laminates are combined in one board with GE or GF prepregs, the 

temperature shall be 12s·c. 

5.6.1.1 Minimum thickness of laminate. The thickness of the laminate per 
MIL-P-13949 used ,n type 3 pr1nted-w1ring boards shall be .002 inch (0.05 mm) or 
greater, provided the resulting dielectric layer in the finished board shall meet the 
requirement< of 5, 7.4. The thickness of the ldmin,te per MIL-P-!3949, used in type 
and type 2 boards s.ha11 be as specified in the master drawin'] and shall meet the 
requirements of 6.4 !see figure 16). 

5,6.2 Bondinn ~aterials. 

5.6.2.1 °reimpreqnated bonding layer (rrepreg). 0 repreg used in type 3 printed-
~iring boards shall conform to type GE, G , or GI of ~IL-?-13949. Type GE or GF 
preoreg shall not be used with type GI prepreg. If a specific type of bonding 
material is required, it shall be so specified on the master drawing. 

5.6.2.2 Other bonding fi)ms. Qther bonding films such as cast resin films and 
double sided res1n coated polyimide films may be used to bond ~xternal neat sinks. 
internal thermal planes, or internal conductive planes provided the cured films meet 
the temperature requireoents of the base material as specified in table IV. 5.7.4, 
anrf on the ma~ter drawing. 

5.6.3 Copper circuitry layers. The thickness of finished copper conductors shall 
be not less than I ounce per square foot (0.0012 inches). Copper foil used shall be 
not less than 1/2 oz/ft2 and nust be plated up to the l oz/ft requirement. 
(~recautionary note: A reduction of copper thickness after processing can be 
exµected.) 

5.6.4 Plating. All external conductive patterns (plated-through holes, terminal 
areas, etc.) shal 1 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 plating is approved by the acquiring activity. When other platings are used on 
the ~am-e print@d-wii"ifHj board \n e.01\,}unetion with s.o1d@r eac1.ting or tin-lead olatinq~ 
the area of overlap shal 1 be kept to a minimum and no ea:posed copper shall be 
permitted at the interface between the other plating and the solder coating or 
tin-learl plating. Uo solder or tin plating sha11 be unrler other platin9s. Unless 
otherwise specified on the ~aster ~rawing, surface and plat~d-throu~h hole plating 
thicknesses shall meet the requirements soecified in 5.6.4. l through 5.6.4.6. 

5.6,4.1 Electroless copper tlating. 4n ~lectro1ess rleposition system sha11 be 
used as a preliminary processor 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 shall be performed 1n accordance with MIL-C-14550, and shall have a minimum 
purity of 99.5 percent as determined by ASTH-E53. The minimum thickness shall be 
.001 inch (0.03 '11ml. 

5.6.4.3 Gold plating. All electrolytically deposited gold shall be in accordance 
with IHL-G-45204, type II, class I. The minimum thickness shall be 0.000050 Inch 
10.0013 r.,m); the ma,ir.,um thickness shall be 0.0001 inch (0.003 ~ml 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 Hickel iating. ~11 electrolytically deposited nickel plating shall be 
Jow stress. and con7arm to QQ-N-290, class 2, e<cept the minimum thickness shall be 
.0002 inch I .005 ;nml. · 

S.6.4.5 Tin-lead plating. Tin-lead plating shall be in accordance with 
HIL-P-81728. The tin-lead shall be .0003 inch (.008 mm) thick minimum, as plated on 
the surface. Fusin~ shall be required on all tin-lead plated surfaces. 

5.6.4.6 Solder coatin~. Unless otherwise specified, solder coating shall be in 
accordance w1th compos1t1on Sn60, Sn62, or Sn63 of QQ-S-571. The solder coating 
thickness shall be 0.0003 inch (0.008 mm) minimum, as coated (see 6.2.12 for surface 
mounted components). 

S.6.5 Solder ;nask. Polymer ~ask coatings shall meet the requirements of 
IPC-S~-840. class 3 and. when required. shall be specified on the master drawing. 

5.6.5.l 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 meta1 to the printed-wiring substrate. The 
relief shall be at least 0.010 inch by 0.010 inch (0.25 r.,m by 0.25 c,m) in size and 
located on a grid no greater than 0.250 inch (6.4 mm). 

5.6.5.i SQl~~r m~~k nver nonmeltinn metals. When polymer mask coatinqs are 
required over nonmelt1ng metals (such as copper), the design shall provide that 
conductor areas not covered by the raask shall be tin/lead plated and fused (see 
5.6.4.5) or 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 5.1.1 through 5.1.5. 

5. 7.1 Overall board dimensions. Overall printed-wiring board dimensions (length 
and width). should coincide w1th lines of the modular dimensioning system. 

5.7.2 ijoard thickness. The board thickness shall include r.,etalllc deposition, 
fusing, and solder mask, shall be measured across the board thickness extremities, 
and shall be as sp·ecifted on the master drawing. In critical 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 spec1F1ed on the master drawing. 

5.7.4 Hinimum thickness of dielectric layers. rinished type 3 boards shall have a 
~inimum of 0.0035 inch I .089 nm) of d1electr1c material between the consecutive 
conductor layers, when cured. Greater tnicknesses should be considered for voltages 
greater than 100 volts. The dielectric material will be in accordance with 
nlL-P-13949 anrl may be comprised of laminate, prepreg and laminate, or multiple 
layers of prepreg. There shall be no less than two sheets of prepreg (B-stage) or 
laminate (C.stagel, 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 figure 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 otherwise specified on the master drawing, the maximum allowable bow 
an~ twist s~all he 1.5 percent. 

5.8 Detail board marking requirements. Inrtivirtual printed-wiring boards and quality confonoance 
test circuitry shall be identified in accordance with the master drawing and HIL-STD-130. Provision 
shall be marte 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 rtrawin~. If ESD marking is required at the board level, it shall be specified on the 
master drawing. ~rking shall be of a contrasting color to the background. 

5.9 Quality conformance t~sting circuit2_. The qual1ty conformance test circuitry, comprisert of 
the coupons shown on f1gure I, shall be a part of every panel used to produce printed-wiring boards 
that art? designed to tllis 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 anrt figure 17. All other cnunons roay ~e positioned at optional locations. All 
coupons required shall be shown on the master drawing, artwork, and production master. 

TABLE V. Conforroance test circuitry. 

Co•1~on lype 1 Type 2 Type J 
type board board board 

I A 
I Micro-
I section 
I 
I B 
I Micro-
I section 
I I 

)Once per panel 
!optional pattern defined 
!by art~ork 
I 
I Not required 
I 
I 
I 
ionce per panel 1ocat1011 
!optional pattern defined 
\by artwork 
I 
I llot required 
I 

I c 
I Plating 
! 
! 
I D 
I Therma1 
I shock 
I 
I E 17 
I Insulation 
Iresistance 
I 
I F 2/ 
!Re~istration 
I . 

I 
I 
I J 
I ~oMer 
I mask 
I 
I 

1fot r~qu,red llw1ce per panel oppos,te /lwice per panel opposite l 
!corners location fixed bylcorners location fixed byl 
lortwnrk ( sec figure 17\ la rtwork ( see figure 17\ I 
I I I 

flw1ce per panel opposlte I hnce per panel oppos1te J ho11ce per panel opposite I 
!corners location fixed bylcorners location fixed bylcorners location filled byl 
!artwork (see figure 17) 

location 

!artwork (see figure 171 
I 
IDnce per panel location 
!optional pattern defined 
!hy art~or\: 
I 
IOnce per panel locatton 
!optional pattern define~ 
lby artwork 
I 
iOnce per paMl locat1on 
!optional pattern defined 
lby artwnrk 
I 
I Not required 
I 

I I If ixed by 
I I 11 see figure 1l 
I I I 

!artwork (see figure 17)
I 
IDnce per panel location 
!optional pattern defined 
!by i!rt~ork 
I 
lonce per panel 10Cation 
!optional pattern defined 
!by artwork 
I 
IOnce per panel locat1on 
!optional pattern defined 
lby artwork 
I 
ITwice per panel opposite 
/corners location 

a rtwork 

)When required, once per 
!panel with solder mask 
/location optional 
lpattern fixe~ by art~ork 
I 

)When required, once per 
!panel with solder mask 
!location optional 
lpatt~rn fixed nv artwork 
I 

lwhen required, once per 
lpanel with solder mask 
!location optional 
!pattern fixed by artwork 
I 

1/ If the panel has solder mask, the E .coupon shall be covered with the solder mask. 
Clearance, of 0.010 •0.005 ,hould be provided for all surface l~n~s. 

2/ Registration coupons-are optional and may oe usea 1n l1eu of microsection evaluation for 
registration. 
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6. DETAIL PART MOUNTING REQUIREMENTS 

6.1 Approved ~ethods of attachment. Component leads sho11 poss throu9h lead 
component holes and be attached or the component terminals or leads shall be surface 
mounted to the land pattern. Part attachment shall be described on the assembly 
drawing following the methods specified in 6.1.2 through 6.1.5.4. General mountin3 
requirements shall be as specified in 6.1.1. 

6.1.1 Unclinched leads. Unless otherwise specified, unclinched leads (either 
straight or partially bent for retention) shall be soldered in component holes or 
eyelets in accordance with lPC-S-815. lf no clinchlng requirements are specifled on 
the assembly drawing! unclinched lead termination shall apply. 

6.1.1.1 In unsup~orted holes. Lead tip projection shal 1 be required to extend 
from O.020 1 nch ( O. l mm) m1 n,mum to O .060 inch ( J. 5 mm) maximum from the surface of 
thefoil. 

6. J.1.2 In plated-throur or eyeletted holes. The lead shall be required to 
extend at least to the sur ace of the plat1ng or rim of the eyelet and extend no more 
than 0.060 inch (1.5 mm) from the olating surface or eyelet. 

6.1.2 Clinched leads. When maximum mechanical retention of a lead or terminal i'.i 
required hy design, the lead or terminal shall be clinched. The component holes may
be plated-through holes, unsupported holes, or eyeletted holes. Clinching 
requirements shall be defined on the assembly drawing. The lead end shall oot extend 
~eyond the edge of its land or its electrically connected conductor pattern in 
violation of the minimum spacing requirement. "artial 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 ldnd shall be not less than a square having each 
side equal to the nominal width of the lead (see figure 9). Minimum conductor 
spacing indicated in 5.1.4 shall be maintained. Attachr:ient details may be conveyed 
by an assembly drawing reference to lPC·S-815 (see figure 18}. For additional 
muunting notes and cuns.idt!r"Gtiu11::i s_ec 6.Z.1 i. 

6. 1.4 Surface terminated round leads. With prior approval by the government 
acquiring act1v1ty, des1gns may st1pulate 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 to comply with 
proper soldering techniques (see IPC-S-815). 

6.1.5 Standoff terminals, eyelets, or fasteners. 

6.1.5:1 Comeonen~ ~ttachment_to standoffs. Component attachment to standof~ 
terminals snail ~e aer1nea on tne assembly drawing and meet the requirements ot 
JPC-S-815. Placement of term;nals shall be specified to suit each application. 

6.1.5.2 Attachment of standoffs to boards. A terminal of the funnel flan~ed type 
shall be spec1f1ed wherever the flange must be soldered for electrical connection to 
a land. The included an~le of such flan~• shall be hetween 35 and 120 degrees. 

6.}.5.3 Eyelets. Eyelet applications used in design shall be in compliance with 
the following: 

Attachment requirements - lnterfacial connections shall not he ma~e with 
eyelets. Eyelets installed a.t dn electrically functional land shdll be required 
to be of the funnel flange type. 

6.1.S.4 l'="astening hardware. The installed location and installation orientdtion 
shall be prescribed on the assembly drawing for dny fastening devices such dS rivets, 
machine screws, washers. inserts, nuts. and bracketing. Precautions such as the 
specification of tightening torque values shall be provided wherever generJl assembly 
practices might be inartequate or detrimental to the board assembly's structure or 
functioning. 
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6.2 Electrical oart mounting. The following are requirements the designer shall 
consider and detail on the assembly drdwing in specifjc notes or illustrations. All 
such electrical parts, hereafter referred to as components, shall also be selected so 
as to withstand the vibration. inechanical sliock, tJumidity, 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 mounte~ oo only one side of the 
printed-w1r1ng board assembly whenever possible. 

6.2.2 Accessibility. Lands and termin,ls shall be located and space~ so that the 
terminations of each component are not obscured by any other component, ~r by any 
other per~anently installed part~. Each component shall be capable of being removed 
from the assembly without having to remove any other component. 

6.2.3 Design envelope. Unless otherwise detailed on the assembly drawin9. 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 dime"sions and the mounting 
provisions dictated by the board an~ assembly documentation. 

6.2.4 Over conductive areas. No parts shall be mounted in direct contact with 
external conductor areas unless 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 areas under oarts sna11 be insulated or protected against 
moisture entrapment by applying confor~al coating or a cured resin coatin~ by 
laminating low.flow prepreg material in accordance with Mll•P.13949. or by solder 
masking over the area prior to "ounting the part. 

6.2.5 Thermal transfer. Components. which for thermal reasons require e~tensive 
surface contact with the board or with a hedt sink ~ounted on the boar~. shall be 
protected from processing solutions at the conductive interface. To prevent risk of 
entrapment, conpatibl~ Dat~~ials a~d ~ethods shall be specified to seal the interface 
from entry of corrosive and conductive co~:J~inJnt~. 

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

6.2.6 Com onents dissi atin cne or more watts. Design for heat dissipation of 
components s a nsure tat t e max1mum a owab e temperdture of the board material 
is not exceeded under operating conditions specified in 5.6. ~eat dissipation cay be 
accomplished by requiring a gap between Doard and component, using a clamp or thermal 
mountin~ plate. or attaching a compatible. thermally conductive ~aterial working in 
conjunction with a thermal bus plane to the component. 

6.2.7 Stress relief bends. Lands and terminals s~all 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 interfdce when subjected ta the anticipated 
environments of temperature. vibratlon, and shock of MIL-P-28809. The lead length 
for stress relief and lead bend rar:lius shall t>e in accort1ar,ce with figure 19. Where 
lead bending can not be in accordance with figure 19 in order to achieve design 
goals. the bends shal! be detailed on the assembly drawing. 

6. 2. 8 l_!echanical sup)ort. 1\11 parts weighing 0.25 ounce (7.lgl or more per lead 
shal 1 be supportetf by c amps or other specified means ""hich will insure that the 
soldered joints and leads are not relied upon for mechanical strength. 

6.2.9 Axial-lea~ed earts. Axial-leaded parts shall be mounted as specified on the 
approved assembly draw1ng an~ mounted so that a portion of the body is as c1ose to 
the printed~wiring hoard as possible. The lea~s shall be shaped in accorMance with 
6.2.7. This does not apply to parts mounted or. standoff terminals (see 6.l.5.1). 
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6.2.9.1 Perpendicular mounting. Axial-lea~ed components weighing less than 0.50 
ounce (149) may be mounted on the assembly using perpendicular mounting criteria. 
The assemhly drawing shall prescribe a minimum of 0.015 inch (0.38 ~ml 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 •15 degrees of a right angle with 
board surface. The ;oaximum vertical height from the board surface shall be 0.55 inch 
(14 mm) (see figure 20). 

6.2.10 Uonaxial-leaded ~arts. Nonaxial-leaded parts shall be mounted with the 
surface from which the lea projects a minimum of 0.010 inch (0.25 mm) above the 
printed-wiring board surface. Oimensio~ing of the required spacing under these 
components is generally not required unless the component package design could result 
in an assembly error. F_or 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 mult1ple 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. U~less otherwise specified, a clearance of 0.010 inch (0.25 nm} rainimum 
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 
;~pair soldering or the assembly's perfurmance. 

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 
a combination of adhesive and insulation material. which is compatible with tne 
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 
m',!thod or m.aterial selectior!. 

6.2.12 s~rface mounted co □ ponents. The requirements and considerations of 6.2.4 
apply to th1s 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 deta1led on the assembly drawing to provide for lead 
stress relief, fit to the land pattern, underbody clearance for cleaning, and any 
designed-in provisions for thermal transfer (see figure 18 and 6.1.3). 

6.2.12.2 Chip carrier type. Leadless components oay 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 cooponent to facilitate 
cleaning. Land pattern design s~all facilitate adequate solder fillets between the 
conductor pattern and the component. 

6.2.12.3 En1-cap discrete components. ~nd-cap discrete resistor and capacitor 
components and s1m1lar leadless rnd-cap discrete components shall be mounted to 
printed w-irinq or orinterl circuitry. The devices shall not be stacked nor stiall they 
bridge spacing between other parts o~ cor.,ponents. such as terminals or other 
properly-mounted components. 

6.2.12.4 of flattened round leaded Components with 
axial leads o roun cross-sect1ons s a e ut, ze or sur ace mounting only if 
th~ leads are coined or flattened for positfv~ receding. For flattened round leads 
with original diameter of 0.025 inch (0.635 mml or greater, the flattened thickness 
shdll be 70 percent of the original diameter, minimum. ror leads with an original 
diameter less than the 0.025 inch (O.o35 mm). the flattened thickness shal 1 be 50 
o!'rcent of the originJl 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 al19n1ng hardware 
to assure proper mating of the contacts s~all be s~ecified as the only means to inte­
grate plug-in printed-wiring assemblies. Their attachment and mounting methods dre 
suhject to the design concerns of 6.1, 6.2.3, and 6.2.4. Qoard connectors mar be 
uniquely keyed in such a manner only insertion of the proper assembly is possible. 

6.2.13.1 ~ires. Use of hard wiring directly to plug in connector mounted 
pdnted-wiringlioard assemblies shal I not be permitted. Plug in assemblies shal 1 
have all external electrical connections accomplished through the .use of t~o-part 
con nee tors. 

6.2.14 Jumper wires. Jurnper wires ~ay be used on types l, 2, or 3 printed-wiring 
board assembl1es. Jumper 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 shall not be applied over or under other replaceable 
components (including jumper wires). Jumper wires must be permanently fixed to the 
printed-wiring board at intervals not to exceed 1 inch. Jumper wires Jess than 0.50 
inch in length whose path does not pass over conductive areas and does not violate 
the spacing requirements (see 5.1.41 rnay be uninsulated. Insulation, when required, 
or jumper wires shal 1 be compatible with the conformal coating. 

6.3 Conformal coating. The ~esign criteria contained in this standar<l are 
predicated on the requirement that end item assemblies shall be conformally coated. 
Sol'1er mask shall not be used in lieu of conformal coating. 

6.3.J Coatinf area. Printed-wiring assemblies shall be conformally coated with a 
coatin~ materia that 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 :oating shall be suitably masked and 
protecte~ from r~1tin9, r.n~ting residues, and masking residues. The masking material 
used shall have no deleterious effects on ~he printed-wiring boards. Printed-wiring 
assemblies having adjustable components shall not have the adjustable portion covered 
with coating. Electrical and mechanical mating surfaces, such as pl"obe points, screw 
threads, bearing surfaces. and so forth shall not be coated. 

6.3.2 Cleaning agents. Cleaning agents anrt techniques s~all have no deleterious 
effects on any part of the printed-wifing assembly. 

6.3.3 Compatibility. The conformal coating shall be compatible with all parts of 
the printed-w11"1ng assembly. 

6.3.4 Thickness. The thickness of the conformal coating shall ~e as follows for 
the type spec1f1ed, when measured on a flat unencumbered surface: 

Types ER, UR, and AR: 0.003 •0.002 inch (0.08 •0.05 mm). 
b. Type SR: 0.005 •0.003 inch (0.13 •0.08 mm). 
C. Type XY: 0.0005 to 0.002 inch (0.010 to 0.05 ~ml. 

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

6.3.6 Duffer mdterial. Jf componentfs) on the printed-wiring assembly are made of 
brittle matena1 (glass or ceramic), they shall be protected against breakage by a 
buffer material before applying the conformal coating to the assemhly. The ~uffer 
material shall be a thin, pliant :naterial such as polyvinylidene fluoride, 
polyethylene terephthalate, or silicon rubber. and be nonreactive with the confor1nal 
coating material and all parts of the printed-wiring assembly. The buffer material 
shall be fungus resistant and flame retardant, and clear or transparent, so markings 
on the components are visible. 
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6.3.6.1 When required. When conformal coating types SR. XI, 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 Su~port. Al I printed-wiring assemblies shall be supported within a maximum of 
I inch 12 .4 mm) 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 ?rinted-wiring boards. 

6.5 Detailed assembly markings. Completed printed wiring assemblies shall be 
marked 1n accordance with the assembly drawin9 and Mll-STD-130 with their full 
identification. Printed-wiring assemblies wh1ch contain electrostatic discharge
sensitive devices shall be marked in accordance with DOD-STD-16B6. The marking shall 
be etched or applied by the use of a permanent ink which will withstand assembly
processi~g. 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 guidance to the designer of printed-wiring 
boards. 

20. DESIGN CONSIDERATIONS 

20.1 Desi n rocess tolerances and allowances. The data in table VI shall serve 
as a gui e concerning the to erances an owances used in the design process. Due 
to tolerance buildup, the tradeoffs involved in arriving at the permissible limits 
for each particular tolerance for a particular design should be recognized. This 
data is Intended to show the increasing difficulty of producing boards with tighter
tolerances, but does not express the limits attainable or permissible for any single 
aspect of board design. This data shall not be interpreted as end item board 
requirements. 

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

20.3 Dimensional stability. While HIL-P-13g49 limits the allowable dimensional 
change of the th1n laminate, consideration must be 9iven to the fact that during
processing, the thin laminate may either expand or contract wfthin these iimits, and 
in addition, the change rnay 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-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 preoaration of large conductive areas. The adhesion of prepregs and 
other polymers, such as solder mask to large conductive areas, may be imoroved 
throu3h 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 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 w\th void-free potting materials, well bonded to all surfaces. 
b. Avoid sharp projections. 
c. 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 coatin9 should consist of at least three separate layers, with each 

l~yer applied at right ang\es to the pre~ious layer. 
g. Solder term;nations on the printed-wiring board must be smooth and even with 

no project;ons 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 soacing between the solder ball and 
adjacent high voltage circuit or ground plane. When large spacings are 
involved, the solder ball should be at least .125 inch (3.1 mm) in diameter. 
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APPEIIOIX 

TABLE VI. Composite board design guidance. 

educed 
Preferred Standard producibility 

!Number of conductor layers I I 
I (maximum 1/l--------------1 6 I 12 20 
!Thickness oT total board I I 
I (maxinm) (inch)----------1 0.100(2.541 I 0.15013.811 0.200(5.08) 
)Board thickness tolerance---) •IO~ of above nominal or 0.007(0.18), whichever is greater 
!Thickness of dielectric I I 
I (mfnimum)-----------------1 0.008(0.20) 0.006(0.15) I 0.004(0.lOl 
IMinimU'II conductor width (or I I 
I figure 4 value, whichever I I 
I is greater) I I 
I lnternal----------------1 0.015(0.38) 0.010(0.25) I 0.004(0. IOl 
I External----------------1 0.020(0.51) 0.01510.38) I 0.004(0.IOl 
I Conductor width to~erance I I 
I Unplated 2 oz/ft ---------1 •0.004(0.10) •0.002(0.05) I •0.001(0.0251 
I I -0.006(0.15) -0.005(0.13) I -0.00310.08)2I Unplated 1 oz/ft ---------1 •0.002(0.05) •0.001(0.025) I •0.00110.025)
I I -0.003(0.08) -0.002(0. 05) I -0.001(0.025) 
I I I 
I Protective plated I I 
I (metallic e½h resist I I 
I over 2 oz/ft copper)----1 •0.008(0.20) •0.004(0.10) I •0.002(0.05) 
I I -0.006(0.15) -0.004(0. 10) I -0.002(0.051 
IHinimum cont1uctor spacing I I 
I (or table 1, whichever I I 
I is greaterl---------------1 0.020(0.51) 0.010(025) I 0.005(0.13) 
!Annular ring plated-through I 
I hole lmiofmuml I 
I Internal----------------! 0.008(0.20) 0.005(0.13I 0.002(0.05) 
I External----------------1 0.010(0.25) 0.008(0.20) 0.005(0.13) 2/ 
!Feature location toleraoce I 
I (master pattern, material I 
I movement, and regi stra- I 
I tionlrtpl I 
I Longest board dimension I 
I 12" or less-------------1 0.008(0.20) 0.007(0.18) 0.006(0.15) 
I Longest board dimension I 
I over 12"----------------1 0.010(0.25) 0.009(0.23) 0.008(0.20) 
!Master pattern accuracy I 
I lrtpl I 
I Longest board dimension I 
I 12" or less-------------1 0.004(0.10) 0.003(0.08) 0.002(0.05) 
I Longest board dimension I 
I over 12"----------------1 0 .005( 0. 13) 0.004(0.10) 0.003( 0.08) 
I Feature size tolerance--1 •0.003(0.08) <0.002(0.05) •0.001(0.025) 
!Board thickness to plated I 
I hole diameter lmaximuml---1 3: I 4: 1 5: 1 
11-ble location tolerance I 
I I rtpl I 
I longest board rtimension I 
I 12" or less-------------1 0.00510.13) 0.003(0.08) 0.002(0.051 3/ 
I Longest hoard dimension I 
I over 12•----------------I 0.007(0 .18) 0.005(0.13) 0.003(0.08) 3/ 
IUnplated hole diameter I 
I tolerance (unilateral) I 
I Up to 0.032(0.81)-------1 0.004(0.10) 0.003(0.08) 0.002(0.05) 
I O.OJJ(0.84)-0.063( 1.61 l-1 0.006(0.15) 0.004(0.10) 0.002(0.05) 
I o.06411.63l-O.IBBl4.77l-l 0.008(0.20) 0.006(0.15) 0.004(0.10) 

See footnotes at the end of table. 
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APPEND! X 

TABLE VI. Composite board design guidance - Continued. 

educetl 
Preferred Standard Produc i bi 1i ty 

I Plated hole diameter toler- I 
I ance (unilateral) for I 
I minirt1.1m hole diameter I 
I maxl111UM board thickness I 
( 
I 
I 
I 
I 

ratios greater than 1:4 I 
add 0.004(0.01) I 

o.01s10.3Bl-O.OJOI0.76l I 
0.031(0.7g)-0.06lll.56l I 
0.062(1.59)-0.186(4.75) I 

0.008(0.20) 
0.010(0.25) 
0.022(0,Jl) 

0.005(0.13) 
0.006(0.15) 
0,008(0.20) 

0.004(0.10) 
0.004(0.10) 
0.006(0.15) 

!Conductor to edge of board I 
I (mi nill'llm) I 
I Internal layer----·-----1 0.100(2.54) 0 .050(1.27) 0.025(0.64) 
( External layer----------! 0.100(2.54) 0.100(2.54) 0.100(2.54) 

i 

1/ The number of conductor layers should be the optioum for the required board function 
and good produclbillty. 

21 See 5.2.3. 
J/ To be used only in extreme situations warranted by the application. 

tlOTE: Unless othen1ise specified. all dirnensfons and tolerances are in inches; data in 
parentheses ( l is expressed in millimeters. 
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MARKING 
SEE NOTE 

COUPON "A" 

;i 
A • 

•L 

.300 

• 
• 

fYPiCAL OF SU~FACt TYr'ICAL OF 
LAYERS AND !IITERIIAL See note ID and 12 INTERNAL 
CIRCUIT LAYERS PLAN[ 

LAYERS 

COUPON "B" 

~ 300 f-
ie I I -1 ~•••_{_ 

•••.150 

•••7 

Lee •J 
TYPICAL or SURfAC[ 
LAYERS AllD 1/IT[RNAL 
CIRCUIT LAYERS 

See note 12 

rtGURf 1. Quality conformance test circuitry. 

TYP !CAL or 
1/IT[RIIAL 
PLAII[ LAYrRS 
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COUPON "C" 

r--2'00 7 r080 
rc 7 r: . 

1 1 I ~ 4 
200 

Ti ._j
L 

TYPICAL OF TYPICAL OF 
TYPICAL OFSURFACE INTERNAL 
INTERNALLAYERS CIRCUIT 
PLANETYPE I, 2, 3 LAYERS 
LAYERSBOARDS TYPE 3 
TYPE 3BOARDS 
BOARDS 

See Note 12 

"D"COUPON 

LAYER I 
TYPE 2 AND 3 
BOARDS 

See notes 8, 9, and 12. 

•• 
.7 

_J 

LAYER 2 
TYPE 2 AND 3 
BOARDS TYPICAL 
OF IIITERNAL 
CIRCUIT LAYERS 

TYP !CAL OF 
HITERNAL 
PLANE LAYERS 
TYPE 3 BOARDS 

FIGURE I. Quality conformance test circuitry• Continued. 

a 
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COUPON "E";i h.300 

i 
E t 

.. 150 TYP~~ 
•• i ' e 1.000 

_:j 

_JL 
LAYE~ I OF 
TYP[ I, 2, TYPE 2 AflO TYPICAL OFAt<O J BOAROS J BOARDS !flTERflAL 

TYPICAL or PLANES OF 
!NTERflAL TYPE J 
CIRCU !T BOARDS 
LAYERS 

See ilotes B. l l. dnd 12. 

COUPON "J" 

• 

L 

7 
•.. 

_J 

LAYER 2 OF 

.500 

L __l 

~UHfACl 
1.AY[P.S 0:11. Y 
TYPI. I, 2 
ANIJ 3 BOARDS 

.050J 
TYP 

~£'e flutes I~ unr1 16. 

FI GUR[ 1. Qua 1ity con form,1nce test circuitry · Conti nucd • 

..'H 
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COUPON "F" 

'- .500:1 
.100-t=-1 17 7
L s• •Lj ' + + •• •• 

. 100 

r 3e •2 ....•• • •• 

3e •2 + 
+ c: •• 

•• 

•• 
• Lj + +s• 

L _J L _J 
( C • ) 

LAYER 3 
(.. ) (b.) TYPICAL OF 

SURFACE LAYERS, LAYER 2 lrH£RNAL 
TYPICAL IIITERflAL PLAflE LAYER 

r 7 7 

+ Lj + 
+ + 
+ 

+ + 
++ + 

+ Lj + 
_J _JL L 

(e.)(d.) 
LAYER 4 LAYER 5 
lf/T[RNAL lilT[RUAL 

U1ye,·-to.l11yer registriltiun {opliondl des itJn). 

~ee notes 18 thru 24 

I IGIJIH 1. IJudlity conformance test circuitry - Continued . 
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----···· ..... 
10 ----·······-

Coupon f. layer-to-layer registration (optional design) . 

••5 

••q 

•
' 3 

••2 

See notes 18 thru 24. 

6 ---·······-
TYP ----·······-

FJGUR( 1. Quality confonnance test circuitry - Continued. 
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NOTES: 
1. Test coupons are to be identified with the following: 

a. f'SCH of board manufacturers. 
b. Part number and revision letter of master drawing. 
c. Board traceability and lot number. 

2. Dimensions are in inches. 
3. Hetric equivalents are given for general information only. 
4. Unless otherwise specified. all conductors shall be .020 inch (0.51 11111) e.003 (0.08 mm) 

wide. 
5. Unless otherwise specified, the tolerances shall meet the r-equirements of this 

specifitation. 
6. Unless otherwise specified, the minimum land dinension shall be .070 inch (1.78 nm) 

::.005 inch (0.13 mm) and may represent the land shape used on the associated board. 
Holes in the land areas shall be the diaiooter of the smallest component hole in the 
associated board (see note 10). 

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

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

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

10. For coupons A and B, the minimum land dimension and shape shall be that used on the 
associated board. The hole shall be the maximum used in this minimum land dimension. 

11. For coupon[, a pair of holes, and the conductor width and spacing shall be .025 
.:.005 inch. 

12. The quality 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. All test coupons illustrated when required must appear on 
each panel. The number of layers must be identical to the associated board. 

13. Etched letters on coupons are for identification purposes only. 
14. The number of layers shown in these test coupons are for illustration purposes only. 

Condi;ctor layer number l 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. 

15. 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. 

16. Coupon J is only required on board surfaces to be solder mask coated. 
17. Spacing between coupons may be modified to accorrroodate tooling holes used for automatic 

and/or multiple mounting microsectioning equipment. 
18. The land dimension should represent the smallest land used for a component hole in the 

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

associated board. 
20. The inside diarreter of the circular lands should be design dimension minus 2 x .002 

inch. (Additional allowances r::iay be made for the etch allowance used in the 
associated board.) 

21. The clearance hole in the planes used for the specific ldyer evaluation should be 
design dirrension minus 2 1 . • 002 inch. All other clearances should be a minimum of 
design dimension plus 2 x .DO? inch. (Additional allowances may be made for the 
etch allowances used in th~ associated board.) 

22. The conductor dimensions should oe representative of the dSioCidted buc1n:!. 
23. The coupon may be reduced or extended to accorrmodate the number of layers in a type 

J board. 
24. If continuity exists )etween conrnonly number lands, the board docs not meet the 

minimum annular rin•J rcriuircment of rJ.002 inch. 

flGURE I. Q!J_al_i~_ co_nfonnance__ test circuitrJ_ - Continued. 
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,------------, 
L_ LAYOUTI ASSEMBLY DRAWING I ' _______j' 

: SCHEMATIC DIAGRAM I 
ELECTRIONIC COMPONENTS 
REMOVABLE HARDWAll[ (SCREWS," NUTS, ECT ) 
ASSEMBLY PROCESS SPECIFICATION 
TEST SPECIFICATION 
ASSEMBLY MARKING REQUIREMENTS 

: MASTER DRAWING I 
MATERIAL 
FABRICATION PROCESS SPECIFICATION 
PERMANENTLY ATTACHED HARDWARE 
(TERMINALS. RIVETED-ON BRACKE TS, ECT) 

BOARD MARKING REQUIREMENTS 
I----------, 

f • AnTu,nnv ••A~TL~ I ' ' 
1 JIil '"'n rnun" IVl~.;J I C.n ' PRODUCTION MASTER II ! 

i_ ___r·---
I ' r-----------, II 
1 ' ARTWORK ' I 
L--~~OT ~ETAl~ED) _r-

• Includes circuit and silk screen masters. 

FIGURE 2. Bloc~ diagram dericting typical printed-wiring drawing relationships. 
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J.250-=­

J.000 = 
2.750 = 
2.500 = 
2.250-=-

2.000 = 
1.750 

1.500 

1.250 

1.000 

. 750 

• 500 

.250 

0 

.250 

• • • • • •.. •.. •.. 

3.250 

J.000 

2.750 

Z.500 

Z.250 

Z.000 

1.750 

1.500 

1.250 

1.000 

.750 

.500 

.250 

0 

.250 

NOil: Sea Jes nldy be located as shown or at the edge of the artwork. 

FIGURf 3. Use of qrid~ in defining pattern requirements. 
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{For use in detennining current carrying capacity and sizes of etched 
copper conductors for various temperature rises above ambient} 
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flGUR[ /1,1. Conductor tldc~.ncs'.; Jnd width for tyrt' I, tvpc ~. and e1etcrnal layers of 
type 3 prrnted-w1ring bo11rds. 
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tlOHS: 
I. 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 nonnal variations in etching techniques. 
topper thickness, conductor width estiraates. and cross-sectional area. 

2. Additional derating of 15 percent {curreiit-•iise) is suggested um::ler the 
fol lowing conditions: 
(a) For panel thickness of 1/32 inch or less. 

2(b) 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 location 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 various temperature rises. 

5. For groups of similar parallel conductors, if closely soaced, 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 
,.-uss-s.~1..Liu11:i uf Lilt: µdrdlit:1 conductors, dnd the equivaient current is 
the sur.i of the currents in the conductors. 

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

7. lhe final conductor thickness in the design chart do not include conductor 
O\"erplating "'ith metals other than copper. 

FlGUR( 4a. Conductor thickness ~nd width for type 1, type 2, and external layers of 
type 3 pr1nted-wiring. boards - Continued. 
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NOTES: 
1. The design chart has been prepared as an aid in estimating ter.iperature 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 nonnal variations in etching techniques, 
copper thickness, conductor width estimates, and cross-sectional area. 

2. Additional derating of 15 percent (current-wise) is suggested under the 
following conditions: 
{aJ for panei thickness of l/32 inc,'i or Jess. 

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

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

b. lhe ettect ot neatrng due to attacnment 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. 

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

f!GURl 4b. f_onductor_ thickness_a~d width for internal lay_ers o~~:!__t>~_a~ • Continued. 
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FIGURE 5. Discrete leadless cot1ponent land pattern. 

~--C _____, 

FlGURl 6. Chip carrier land r1c1ttern. 
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0.010 

0.200 

t 
0.070 

0.030REF 0.070 
REF~J. l_· 

0.050
B 

t---0.100--A 

FIGURE 7. •1odified fan-out patterns. 

0.010 

A 

TOE 

B 

ACCEPTABLE 

TERMINAL----~""­
AREA/ 

"'-

4 W MIN 

"-­
~✓-

11
1 W MIN
2 

r1GURL II. lleel mountin!'] requirements. 
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FLAT PACK LEAD --.L..,(M-~N""') I . j 
MINIMUM CONTACT AREA 

(W BY W) 

FLAT PACK 
LAND 

2W 
(MIN) 

FIGURE 9. Typical flat pack land. 

FIGUR[ 10. Coined or flattened lead. 
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MIN 
ANNULAR 

RING LANO---._ 

- PLATED 
THRU HOLE _1 MIN 

ii ANNULAR 
RING 

LAND 

w1M¾J1- iiI 
FIGURE 11. Minimum annular rin9. rJGUR( 12. Minimum annular rin 

(External) Internal 
Type 2 or 3 boards. Type boards. 

.002 MIN 

I NCHcS mm 
.005 .13 
.015 .3A 

.005 MINgo• 
.005 MIN 

SHAVED ELONGATED 

llOTES: 
l. Dimensions are in inches. 
2. rtr.tric equivalents are given for gener.Jl information only. 
3. f!adii are permissible at the junction of lands and conductors. 

fIGUR[ 13. [xamples of minimum annular ring dirrensions. 
·--- (External) 
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TERMINAL AREA BEFORE 
DRILLING 

FIGURE 14. Ground plane lands (typical). 

Plated-through hole 

A • B = [.02B Inch (0.71 /!ITI) MAX 

.006 Inch (0.15 mm) HIii 

TERMINAL AREA AFTER 
DRILLING 

Unsupported hole 

.020 Inch (0.51 /!ITI) flAX 

.006 Inch (0.15 1"'1) HIii 

I 
B 

rJGUR[ 1~. llule diameter for flat lead. 
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COPPER 
LAYER --

CLOSEST POINT (PEAK TO PEAK) 
DIELECTRIC - BETWEEN CONDUCTOR 
MATERIAL LAYERS .0035 MINIMUM 

1--f--,+-COPPER 
LAYER-· MAXIMUM POINT OF 

DIELECTRIC LAYER_I THICKNESS (TYPICAL 
OF MECHANICAL 
THICKNESS MEAS­
UREMENTS OF BASE 
MATERIAL) 

FIGURE 16. Dielectric layer thickness measurement. 
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STRIP IDENTIFICATION 

.250 (6.35) TYP 

.500 (12.70) 

SEE 
NOTEy' 

NOTES: 

TEST COUPONS 
A, B AND F WHEN REQUIRED 

ALTERNATE 
POSITIONS 

SINGLE FOR t,D,E, 
AND J COUPONS 

IMAGE 
ARTWORK 

BOARD 

STRIP 
TEST IDENTIFICATION

COUPONS 
A,B ANDF WHEN 
REQUIRED 

c:co::J 

I 
I 

~ ~ - -
o::c:o 

THREE BOARD PANEL 

o::c:o 

□ □ 
□ □ 

SIX BOARD PANEL 

l. Dimensions are in inc~es.• 
2. rtetric equivalents are in parenth~s~s.
3. Other coupons as required for use by fabricator 

Location on artwork is optional and location on 

o::c:o 

BB 
a:J:D 

TWO BOARD PANEL 

o::c:o 

□+□ 
DD 

c::I:D 

FOUR BOARD PANEL 

D D 
-+--4-+ EE -1---1---1--

0 D 
a:J:D 

NINE BOARD PANEL 

to position on panel. 
panel is optional. 

rIGURL 17. Location of test circuitry b,1scd on number of boc1rds f.lbricdted per p,rnel. 
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FLAT LEAD--.. 

LAND---~~ 

LAMINATE 

LAND 

F!GUR[ 18. Fldt ledd termin•t ion. 
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I--<*- STRAIGHT FOR 2 
DIAMETERS BUT NOT 
LESS T>IAN .030 
INCH 1.76mm) 

14---~- STRAIGHT FOR 2 
DIAMETERS BUT NOT 
LESS THAN .030 
INCH(.76mm) 

'-R 

\_WELD 

A. STANDARD BEND B. WELDED BEND 

tl0TE: rteasurement shall be lilade 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 diarreter in inch 

Up to .027 (0.69 mm) 
From .028 (0.71 lllll) to .047 (l. 19 nm) 
.048 ( l .22 nm) and larger 

Minimum radius {R) inch 

l diam,ter 
1.5 diameters 
2 diameters 

FIGURE 19. Lead bend. 

DIRECTION 

,55 INCH 
( 1.4 mm) 

MAX 

t 

15° MAX 
ANY 

.015 INCH 
(0,38mm) MIN 

rtGUR[ 20. Perpcndicul.ir pJrt mountinri. 
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