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Printed Board Dimensions and Tolerances

1 PURPOSE 1.3 References

The purpose of this Standard is to establish acceptable o
principals and practices for dimensioning and tolerancing 1-3-1 IPC Specifications*
used to define end-product requirements for printed boards

and printed board assemblies. IPC-T-60 Terms and Definiiions

IPC-D-310 Guidelines for Phototool and Artwork Genera-

1.1 Scope This Standard covers dimensioning and toler- tion

ancing of electronic packaging as it relates to printed

boards and the assembly of printed boards. The concept§pc 325 pocumentation for Printed Boards and Printed
defined in this Standard are derived from ASME Y14.5M- g4 Assemblies

1994. Printed boards have such wide applications that there

may be times where this standard does not address a speipc-p-330 Design Guide for Printed Boards and Printed
cific case. In those cases, the user is referred to ASME Board Assemblies

Y14.5M 1994 for use of additional dimensioning and tol-

erancing concepts. IPC-2220 Design Standard Series for Printed Boards

1.2 General This Standard covers dimensioning, toler- 1PC-6010 Performance Specification Series for Printed

ancing, and related practices for use on printed board draw-Boards

ings and in related documents. Uniform practices for stat-

ing and interpreting these requirements are established1.3.2 ANSI Standards2 When the following American

herein. National Standards referred to in this Standard are super-
seded by a revision approved by the American National

1.2.1 Units The International System of Units (Sl) is fea-  standards Institute, Inc., the latest revision shall apply.

tured in this Standard.

ANSI Y14.1-1980, Drawing Sheet Size and Format
1.2.2 Reference to This Standard Where drawings are ~ ANSI Y14.2M-1979, Line Conventions and Lettering
based on this Standard, this fact shall be noted on theASME Y14.5M-1994, Geometric Dimensioning and Toler-
drawings or in a document referenced on the drawings. ancing
References to this Standard shall state “IPC-2615 or per ANSI Z210.1-1976, Metric Practice
IPC-2615."

2 TERMS AND DEFINITIONS
1.2.3 Figures The figures in this Standard are intended The gefinition of terms shall be in accordance with IPC-
only as illustrations to aid the user in understanding the T.50 and the following.
principles and methods of dimensioning and tolerancing
describ_ed in the_ te)_<t. The a_bsence of a figure iIIus_trating_ 51 Actual Size The measured size.
the desired application is neither reason to assume inappli-
cability nor basis for drawing rejection. In some instances

. . Co . 2.2 Basic Dimension A numerical value used to describe
figures show added detail for emphasis, in other instances . . : . . :

) . _ . the theoretically exact size, profile, orientation, or location
figures are incomplete by intent. Numerical values of

dimensions and tolerances are illustrative onl of a feature or datum target. It is the basis from which per-
Y- missible variations are established by tolerances on other

1.2.4 Notes Notes herein in capital letters are intended to ngi;smns, in notes, or in feature control frames (see

appear on finished drawings. Notes in lower case letters are
explanatory only and are not intended to appear on draw-

ings. 2.3 Bilateral Tolerance A tolerance in which variation is

permitted in both directions from the specified dimension.
1.2.5 Reference to Gauging This document is not
intended as a gauging standard. Any reference to gauging2.4 Cumulative Tolerances The summation of all toler-
is included for explanatory purposes only. ances permitted between functionally related features:

1. IPC, 2215 Sanders Road, Northbrook, IL 60062
2. ANSI, 655 15th Street N.W., Suite 300, Washington, DC 20005-5794




IPC-2615 July 2000

a) Chain Dimensioning The maximum variation  2.14 Feature of Size One cylindrical surface or a set of
between two features is equal to the sum of the toler- two plane parallel surfaces, each of which is associated
ances on the intermediate distances; this results in thewith a size dimension.
greatest tolerance accumulation.

b) Base Line Dimensioning The maximum variation  2-15 Fiducial A printed board artwork feature (or fea-
between two features is equal to the sum of the toler- tures) that is created in the same process as the printed
ances on the two dimensions from their origin to the Poard conductive pattern and that provides a common mea-

features; this results in a reduction of tolerance accu- Surable point for component mounting with respect to a
mulation. land pattern or land patterns.

c) Basic Dimensioning The maximum variation
between two features is controlled by the positional
tolerance on the two features; this results in zero toler-
ance accumulation.

2.16 Geometric Tolerance The general term applied to
the category of tolerances used to control form, profile,
orientation, and location.

2.17 Limits of Size The specified maximum and mini-

2.5 Datum A theoretically exact point, axis, or plane ,
mum sizes.

derived from the true geometric counterpart of a specified
datum feature. A datum is the origin from which the loca-
tion or geometric characteristics of features of a printed
board are established.

2.18 Least Material Condition (LMC) The condition in
which a feature of size contains the least amount of mate-
rial within the stated limits of size - for example, maximum

2.6 Datum Feature An actual feature of a printed board Nole diameter, or minimum printed board size.

that is used to establish a datum. -~
2.19 Maximum Material Condition (MMC) The condition

in which a feature of size contains the maximum amount of
material within the stated limits of size; for example, mini-
mum hole diameter, maximum printed board size.

2.7 Datum Axis The theoretical axis derived from the
true geometric counterpart of a specified feature (i.e., tool-
ing hole, fiducial) as established by the extremities of con-

tacting points of the actual datum feature. _
2.20 Positional Tolerance The amount that a feature is

2.8 Datum Target A specified point or area on a printed Permitted to vary from the location of true position.

board used to establish a datum. _ _ _
2.21 Reference Dimension A dimension, usually with-

2.9 Dependent of Size The concept that permits toler- Out tolerance, used for information purposes only. It is con-

ances of form or position to vary in proportion to, and sidered aUXiliary information and does not govern pl’OdUC-
dependent on, the size of the feature. tion or inspection operations. A reference dimension is a

repeat of a dimension or is derived from other values
2.10 Dimension A numerical value expressed in appro- shown on the drawing or on related drawings.
priate units of measure and indicated on a drawing and in
other documents along with lines, symbols and notes to 2.22 Regardless of Feature Size (RFS) The term used to
define the size, location or geometric characteristic of a indicate that a geometric tolerance or datum reference
printed board or printed board feature. applies at any increment of size of the feature within its
size tolerance. Regardless of feature size permits no addi-
2.11 End Product (End Item) An end product is the indi-  tional positional, form, or orientation tolerance other than

vidual printed board or assembly in its final or completed that stated in the applicable feature control frame. RFS can
state. only be applied to features of size.

2.12 Fabrication Allowance An amount added to a 2.23 Simulated Datum A point, axis, or plane estab-
printed board feature, e.g., the diameter of a land, which is lished by processing or inspection equipment.

an accumulation of manufacturing variation. The fabrica-

tion allowance is intended to assure that manufacturing 2.24 Tolerance The total amount by which a specific
variation does not allow certain performance characteristics dimension is permitted to vary. The tolerance is the differ-
to be exceeded, such as minimum annular ring. ence between the maximum and minimum limits.

2.13 Feature The general term applied to a physical por- 2.25 Tolerance, Statistical A tolerance that is based on
tion of a printed board or printed board assembly, such as statistical models, usually combining a variety of specific
a surface, hole, slot, or surface mount land. tolerances i.e., Root Mean Square (RMS) value.

2
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2.26 Toleranced Dimension A dimension with a directly Symbols should be of sufficient clarity to meet the legibil-
applied tolerance as opposed to a basic dimension thatity and reproducibility requirements of ANSI Y14.2M. For
specifies the exact size or location of a feature. symbols not described in the following, refer to ASME

Y14.5M-1994.
2.27 True Position The theoretically exact location of a
feature established by basic dimensions. 3.2 Use of Notes to Supplement Symbols Situations
may arise where the desired geometric requirement cannot
2.28 Undimensioned Drawing An undimensioned draw-  be completely conveyed by symbology. In such cases, a
ing depicts to a precise scale on environmentally stable note may be used to describe the requirement, either sepa-
material a template or a pattern for which dimensioned rately or supplementing a geometric tolerance. See 6.3.5.2.
detail drawings would be impractical.

3.3 Symbol Construction Information related to the con-
2.29 Unilateral Tolerance A tolerance in which varia-  struction, form, and proportion of individual symbols
tion is permitted in one direction from the specified dimen- described herein is contained in ASME Y14.5M-1994
sion. Appendix C.

2.30 Virtual Condition The boundary generated by the 3.3.1 Geometric Characteristic Symbols The symbols
collective effects of the specified MMC or LMC limit of ~ denoting central geometric characteristics are shown in
size of a feature and any applicable geometric tolerances.Table 3-1. Table 3-2 shows other symbols used in special
applications.
3 GEOMETRIC CHARACTERS AND SYMBOLS
3.3.2 Datum Feature Symbol The datum feature symbol
3.1 General This Section establishes the symbols for consists of a capital letter enclosed in a square frame with
specifying geometric characteristics and other dimensional a leader line extending from the frame to the concerned
requirements typically used on PCB engineering drawings. feature, terminating with a triangle (see Figure 3-1). The

CHARACTERISTIC SYMBOL

POSITION ‘G}

PROFILE OF SURFACE N

TYPE OF TOLERANCE USES

LOCATION HOLE AND LAND LOCATION

PROFILE BOARD EDGES

FLATNESS [ ] FORM BOW & TWIST

IPC-2615-t3-01

Table 3-1 General Geometric Characteristic Symbols

CHARACTERISTIC SYMBOL TYPE OF TOLERANCE USES

STRAIGHTNESS — FORM BONDING OF HEATSINK

CIRCULARITY O FORM ROUND PRINTED BOARD, TIGHT FITTING CASE

ANGULARITY = ORIENTATION SPECIAL SLOT OF FEATURE CONTROL

PERPENDICULARITY L ORIENTATION HOLE TO THICK BOARD RELATIONSHIP

PARALLELISM // ORIENTATION EDGES TO TIGHT FITTING CASE

CONCENTRICITY @ LOCATION METAL CORE BOARD HOLES, TEST FEATURE
IPC-2615-t3-02

Table 3-2 Special Application Symbols
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7] DATUM FEATURE
TRIANGLE MAY BE
AN FILLED OR NOT FILLED
OR
\ X >

[@&]o2@[A]s]

IPC-2615-3-01

Figure 3-1 Datum Feature Symbol

triangle may be filled or not filled. The datum feature sym- of size. The feature (or features) to which the MMC prin-
bol is applied to the concerned feature surface outline, ciple is to apply must be a feature of size (e.g., a hole, slot,
extension line, dimension line, or feature control frame as conductor, etc.) with an axis or center plane.

shown in Figure 3-2. The symbol frame is related to the

datum feature by one of the methods prescribed in 3.5. Least material condition applies when special design

requirements will not accommodate MMC or when RFS is
too strict. It can be used to maintain critical center loca-
3.3.2.1 Letters of the Alphabet Letters of the alphabet o of features for which the positional tolerance can be
(except I, O, and Q) are used as datum identifying letters. j,reased as the size of the feature departs from its least
Each datum feature requiring identification shall be a¢erial condition. The amount of increase in positional
assigned a different letter. tolerance permissible is equal to the feature size departure
from LMC.

3.3.2.2 Repeated Datum Feature Symbols Where the
same datum feature symbol is repeated to identify that

) - X ) 3.3.5 Diameter and Radius Symbols The symbols used
same feature in other locations on a drawing, it need not be

: - to indicate diameter and radius are shown in Table 3-3.
identified as a reference. These symbols precede the value of a dimension or toler-

o _ ance given as a diameter or radius, as applicable.
3.3.3 Basic Dimension Symbol A basic dimension states

only half of the requirement; a tolerance must be associated

) ; 3.3.6 Reference Symbol A reference dimension (or ref-
with the feature to complete the requirement.

erence data) is identified by enclosing the dimension (or
The symbolic means of indicating a basic dimension is data) within parentheses. See Table 3-3.
shown in Figure 3-3.

3.4 Geometric Tolerance Symbols Geometric character-
3.3.4 Material Condition Symbols The symbols used to  stic symbols, the tolerance value, and datum reference let-
indicate “at maximum material condition,” “regardless of ters, where applicable, are combined in a feature control
feature size,” and “at least material condition” are shown frame to express a geometric tolerance.
in Table 3-3. The use of these symbols in local and general
notes is prohibited. When no material modifier is used, 3.4.1 Feature Control Frame A geometric tolerance for
RFS is assumed. an individual feature is specified by means of a feature

The use of MMC permits greater possible tolerance as the €ontrol frame divided into compartments containing the
part feature deviates from its maximum material condition, 980metric characteristic symbol followed by the tolerance

It also assures interchangeability and permits functional (S€€ Figure 3-4). Where applicable, the tolerance is pre-
gauging techniques. The maximum material condition prin- c€ded by the diameter symbol and followed by a material

ciple is normally valid only when both of the following ~condition symbol.

conditions exist. .
3.4.2 Feature Control Frame Incorporating Datum Ref-

Two or more features are interrelated with respect to loca- erences Where a geometric tolerance is related to a
tion or orientation (e.g., a hole and an edge or surface, two datum, this relationship is indicated by entering the datum
holes, etc.). At least one of the related features is a featurereference letter in a compartment following the tolerance

4
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Figure 3-2 Examples of Datum Identification

feature or features having different datum requirements.
The composite frame contains a single entry of the geomet-
ric characteristic symbol followed by each tolerance and
datum requirement, one above the other (see Figure 3-7
and 6.4.1).

Y
y

[5c ]
125 ]

IPC-2615-3-03

3.4.2.3 Common Profile Tolerance Symbol The symbol
Figure 3-3 Basic Dimension Symbol used to indicate that a profile tolerance applies to surfaces

all around the printed board is a circle located at the junc-
(see Figure 3-5). Where applicable, the datum referencetion of the leader from the feature control frame (see Fig-
letter is followed by a material condition symbol. ure 3-8).

3.4.2.1 Multiple Datum Requirements Where more than 3.4.3 Combined Feature Control Frame and Datum Fea-

one datum is required, the datum reference letters (fol- ture Symbol Where a feature or pattern of features con-

lowed by a material condition symbol, where applicable) trolled by a geometric tolerance also serves as a datum fea-

are entered in separate compartments in the desired ordeture, the feature control frame and datum feature symbol

of precedence, from left to right (see Figure 3-6). Datum are combined (see Figure 3-9).

reference letters need not be in alphabetical order in the

feature control frame. 3.4.3.1 Control Frame and Datum Feature Symbol Com-
binations Wherever a feature control frame and datum

3.4.2.2 Composite Feature Control Frame A composite feature symbol are combined, datums referenced in the fea-

feature control frame is used where more than one toler-ture control frame are not considered part of the datum

ance is specified for the same geometric characteristic of afeature symbol. In the positional tolerance example, Figure

5
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TERM

SYMBOL

MAXIMUM MATERIAL CONDITION

LEAST MATERIAL CONDITION

DIAMETER

RADIUS

TRNOS

REFERENCE

—~
N—’

ARC LENGTH

STATISTICAL TOLERANCE

BETWEEN

REGARDLESS OF FEATURE SIZE

@1 3)

IPC-2615-t3-03

Table 3-3 Modifying Symbols

7] 008 |
Geometric \
characteristic Tolerance
symbol

| —]o 014 @]

Diameter symbol Material condition
symbol

IPC-2615-3-04

Figure 3-4 Feature Control Frame

Geometric
characteristic

symbol —\ /— Tolerance

[TTOo0o0s ®]C]

) / \— Datum reference
Diameter symbol

letter

Material condition
symbol

IPC-2615-3-05

Figure 3-5 Feature Control Frame Incorporating Datum
Report

@ doz;]tﬁm Multiple datum
reference primary
(b) gWO Primary
atum
references :SGCOHdaFy

[€TZ0s®[AlB @]

@) ghree Primary
atum
references Secondary
“T ertiary

[ [zos@]A[B]C]|

IPC-2615-3-06

Figure 3-6  Order of Precedence of Datum Reference

3-9, a feature is controlled for position in relation to
datums A and B, and identified as datum C. Whenever
datum C is referenced elsewhere on the drawing, the refer-
ence applies to datum C not to datums A and B.

3.5 Feature Control Frame Placement The feature con-
trol frame is related to the considered feature by one of the
following methods as depicted in Figure 3-10.

a) locating the feature control frame below or attached to
a leader-directed callout or dimension pertaining to the
feature;
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(a) Composite
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(b) Two single segments PC.2615.3.07

Figure 3-7  Multiple Feature Control Frames

Symbol for all around

&S fo3]A]

IPC-2615-3-08

Figure 3-8 Symbol for All Around

[ C02@[A]B @]

IPC-2615-3-09

Figure 3-9 Combined Feature Control Frame and Datum
Feature Symbol

8x @ 79-81
a] [€]o 014 @JA]C @]

b /—|Q| 020 |A]

IPC-2615-3-10

Figure 3-10 Feature Control Frame Placement

b) running a leader from the frame to the feature;

4 GENERAL RULES

The following rules apply to the use of material condition
modifiers.

4.1 Maximum Material Condition Principle (MMC) Effect

of MMC. Where a geometric tolerance is applied on an

MMC basis, the specified tolerance is interdependent on
the size of the considered feature. The tolerance is limited
to the specified value if the feature is produced at its MMC

limit of size. Where the actual size of the feature has

departed from MMC, an increase in the tolerance is

allowed equal to the amount of such departure. The total
permissible variation in the specific geometric characteris-
tic is maximum when the feature is at LMC (see Figure

4-1). Referencing a datum feature on an MMC basis means
the datum is the axis or center plane of the feature at the
MMC limit. Where the actual size of the datum feature has

departed from MMC, a deviation is allowed between its

axis or center plane and the axis or center plane of the
datum (see Table 4-1).

4.2 Regardless of Feature Size Where a geometric tol-
erance is applied on an RFS basis, the specified tolerance
is independent of the size of the considered feature. The
tolerance is limited to the specified value regardless of the
actual size of the feature. Likewise, referencing a datum
feature on an RFS basis means that a centering about its
axis or center plane is necessary, regardless of the actual
size of the feature (see Table 4-2).

4.3 Least Material Condition Principle Where a posi-
tional tolerance is applied on an LMC basis, the specified
tolerance is interdependent on the size of the considered
feature. The tolerance is limited to the specified value if the
feature is produced at its LMC limit of size. Where the
actual size of the feature has departed from LMC, an
increase in the tolerance is allowed equal to the amount of
such departure. The total permissible variation in position
is maximum when the feature is at MMC. Likewise, refer-
encing a datum feature on an LMC basis means the datum
is the axis or center plane of the feature at the LMC limit.
Where the actual size of the datum feature has departed
from LMC, a deviation is allowed between its axis or cen-
ter plane and the axis or center plane of the datum (see
Table 4-3).

4.4 Limits of Size Unless otherwise specified, the limits
of size of a feature prescribe the extent within which varia-
tions of geometric form, as well as size, are allowed. This
control applies solely to individual features of size as
defined in 2.14.

¢) attaching a side or an end of the frame to an extensiony 4 1 |ndividual Feature of Size (Rule #1) Where only a

line from the feature, provided it is a plane surface;

tolerance of size is specified, the limits of size of an indi-

d) attaching a side or an end of the frame to an extensionvidual feature prescribe the extent to which variations in its

of the dimension line pertaining to a feature of size.

geometric form, as well as size, are allowed.
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L Bilateral Tolerance Zone

The shaded square represents the
0.06
T [0.0025] |

tolerance zone of a hole with a positioned
0.13 - T T T
0 h |

tolerance of 0.13 + [0.005].

Positional Tolerance Zone

By using the positional tolerance shown in
Detail A, a 0.18 [0.007] diameter tolerance
zone is established. The tolerance zone is
increased 57%.

Bonus Tolerance Based on
Maximum Material Concept

| By modifying the positional tolerance to
. apply at maximum material condition, as
True Position of Hole Center \ shown in detail B, the tolerance zone
increases as the measured hole size deviates
3.66 - 3.73 from its minimum size (maximum material
[0.144 - 0.147] condltlon)_. In this example, the tolerance
’ ’ zone can increase to 0.25 [.010].

Detail A | &5 | @518 [0.007]

3.66 - 3.73
[0.144 - 0.147]

Detail B |}~ | @ .25 [0.010] M

IPC-2615-4-01
Figure 4-1 Positional Tolerancing at MMC
.78
D 85 o 48
DD 01@ D0 016
size tolerance size tolerance
LMC .85 .07 LMC .85 .01
.84 .06 84 01
.83 .05 83 01
.82 .04 82 01
.80 .03 .80 01
.79 .02 79 01
MMC .78 .01 MMC .78 .01
IPC-2615-t4-01 IPC-2615-t4-02
Table 4-1 Maximum Material Condition Range Table 4-2 Regardless of Feature Size Range

4.4.1.1 Variations of Size The actual size of an indi- size to the extent prescribed in the following paragraphs
vidual feature at any cross section shall be within the speci- and illustrated in Figure 4-2.
fied tolerance of size.

a) The surface or surfaces of a feature shall not extend
4.4.1.2 Variations of Form (Envelope Principle) The beyond a boundary (envelope) of perfect form at
form of an individual feature is controlled by its limits of MMC. This boundary is the true geometric form
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variations in size. They may be datum features or other
78 features whose axes or center planes are controlled by geo-
D 85 metric tolerances. In such cases, the following practices
apply.
. a) Tolerances of Position (Rule #2 ) RFS, MMC or LMC
size tolerance must be specified on the drawing with respect to the
LMC .85 01 individual tolerance, datum reference, or both, as appli-
.84 .02 cable.*
.83 .03 * Retained for explanation purposes on older drawings. Per
.82 .04 ASME Y14.5M-1994, RFS is assumed unless otherwise
80 05 indicated
.79 .06 .
MMC 78 07 b) All Other Geometric Tolerances (Rule #3). RFS

applies, with respect to the individual tolerance, datum
IPC-2615-14-03 reference, or both, where no modifying symbol is

Table 4-3 Least Material Condition Range

specified. MMC must be specified on the drawing
where it is required.

repre_sentgd by the drgwmg. No varlgtlon in f_orm IS 5 DATUM REFERENCING
permitted if the feature is produced at its MMC limit of

size.

5.1 General This section establishes the principle of

b) Where the actual size of a feature has departed fromdatum referencing used to relate features of a printed board
MMC toward LMC, a variation in form is allowed to an appropriate datum or datum reference frame. It con-

equal to the amount of such departure.

¢) There is no requirement for a boundary of perfect form
at LMC. Thus, a feature produced at its LMC limit of
size is permitted to vary from true form to the maxi-
mum variation allowed by the boundary of perfect form

at MMC.

tains the criteria for selecting, designating, and using fea-
tures of a printed board as the basis for dimensional defi-
nition. A datum indicates the origin of a dimensional
relationship between a toleranced feature and a designated
feature or features on a printed board. The designated fea-
ture serves as a datum feature, whereas its true geometric
counterpart establishes the datum.

4.4.2 Relationship Between Individual Features The

limits of size do not control the orientation or location
relationship between individual features. Features show

5.1.1 Application Because a datum is theoretical, mea-
nsSurements cannot be made from a true geometric counter-

perpendicular, coaxial, or symmetrical to each other must Part: A datum is assumed to exist in and be simulated by

be controlled for location or orientation to avoid incom-

plete drawing requirements.

the associated processing equipment. For example,
machine tables and surface plates, though not true planes,
are of such quality that they are used to simulate the

4.5 Applicability of MMC, RFS, and LMC Applicability datums from which measurements are taken and dimen-
of RFS, MMC, and LMC is limited to features subject to sions verified. The flat surfaces of manufactured printed

202
D201
L/,

—T @20.1 (MMC) ——‘— @20.2 (LMC)

/
‘ MMC Perfect [
form boundary I

L—-‘—@ 20.2 (LMC) @20.1 (MMC)

IPC-2615-4-02

V/S @20.2 (LMC)

Figure 4-2 Variations of Form Allowed By Size Tolerance
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board are seen to have irregularities due to both the cir-features require that datum reference frames be applied at
cuitry and the variation in the laminate surface. Contact is specific locations on the printed board. In such cases, each
made with a datum plane at a number of surface extremi- feature control frame must contain the datum feature refer-
ties or high points. ences that are applicable. Any difference in the order of
) precedence or in the material condition of any datums ref-
5.1.2 Datum Reference Frame Sufficient datum fea-  grenced in multiple feature control frames requires differ-

tures, those most important to the design of a printed gnt gatum simulation methods and, consequently, estab-
board, are chosen to position the printed board in relation |ispes a different datum reference frame. See 5.3.9.

to a set of three mutually perpendicular planes, jointly
called a datum reference frame. This reference frame existSs 5 patum Features A datum feature is selected on the

in theory only and not on the printed board. Therefore, itis pasjs of its geometric relationship to the toleranced feature
cal reference frame from the actual features of the printed printed board interface and assembly, corresponding fea-
board. This simulation is accomplished by positioning the tyres of mating parts are also selected as a datum feature
printed board on appropriate datum features to adequatelyyhere practical. Datum features must be readily discernible
relate the printed board to the reference frame and 10 on the printed board. A datum feature should be accessible
Figure 5-1). features will normally be the plane of the board, and typi-
cally the mounting (nonplated-through) holes used as sec-
; . ; . . ondary and tertiary datum features (see Figure 5-2). How-
simulated in a mutually perpendicular relationship to pro- . .
ever, there may be occasions when the edges of the printed

vide direction as well as the origin for related dimensions S
. : .board, slots, or fiducials may serve as secondary and ter-
and measurements. Thus, when the printed board is posi-

. . tiary datum features (see Figures 5-3, 5-4, and 5-5, respec-
tioned on the datum reference frame (by physical contact . . L
. . tively). Using fiducials as datum features means that the
between each datum feature and its counterpart in the asso- "7 . . X oo
. : . : . profile is controlled in relation to the circuit pattern as
ciated processing equipment), dimensions related to the .
opposed to the hole pattern, as is normally the case.

datum reference frame by a feature control frame or note
are thereby mutually perpendicular. This theoretical refer-

ence frame constitutes the three plane dimensioning systenp-2-1 Datum Feature Symbols Datum features are iden-
used for datum referencing. tified on the drawing by means of symbols (see 3.3.2). The

datum feature symbol is applied to the concerned feature
5.1.2.2 Datum Options In the case of a printed board surface outline, extension line, dimension line or feature
profile or a secondary datum feature of size position, a control frame.
single datum reference frame will suffice. In others, addi-
tional datum reference frames may be necessary wheres.2.2 Datum Feature Control Measurements made from
physical separation or the functional relationship of a datum plane do not take into account any variations of

5.1.2.1 Plane Simulation Relationship These planes are

Direction of

Measurements / 90°\

Mutually perpendicular
planes

IPC-2615-5-01

Figure 5-1 Datum Reference Frame

10
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(A) With the view oriented with Layer One facing
up, Datum A becomes the last layer of the
printed board.

(B) Datum B defines two planes at right angles to
each other, but free to rotate around the center
of the hole.

(C) Datum C completes the datum reference frame by
fixing the rotation of the datum axis of datum B.

IPC-2615-5-02

Figure 5-2 Datum Reference Frame to Printed Board Relationships

the datum surface from the datum plane. This can happenframe, datums must be specified in an order of precedence
with a warped printed board lying on a surface plate. Con- in the feature control frame. Figure 5-6 illustrates a printed
sideration shall be given to the desired accuracy of datum board where the datum features follow the preferred con-
features relative to design requirements and the degree ofyention for noncircular printed boards. The desired order of
control necessary for the toleranced features related toprecedence is indicated by entering the appropriate datum
them. If not sufficiently accurate, datum features may need reference letters, from left to right, in the feature control
to be controlled by specifying appropriate geometric toler- frame. In Figure 5-6, the datum features are identified as
ances. Where control of the entire feature becomes imprac-syrface A, and features (nonplated-through holes) B, and C.
tical, use of datum targets may be considered. Datum tar-These features are most important to the design and func-
gets are used for assemblies only; not for unassembledtjon of the printed board. Features A, B, and C are the pri-

printed wiring boards. See 5.4. mary, secondary, and tertiary datum features, respectively,
since they appear in that order in the feature control frame.
5.2.3 Specifying Datums in Order of Precedence TO Typically, the printed board is oriented with the component

properly position a printed board on the datum reference side or the designated Layer 1 facing up. This orientation

11
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from datum planes, positioning of the printed board on a
datum reference frame in this manner ensures a common
basis for measurements.

5.3 Establishing Datums The following paragraphs
define the criteria for establishing datums from datum fea-

L
[cl<
[ tures.
@)

O 5.3.1 Primary Datum Feature The primary datum fea-

— ture for a printed board will usually be the plane surface of
the board and may be either the first or last layer of the
printed board. Most often, it will be the surface opposite
Layer 1, but there may be cases where Layer 1 is an appro-
IPC-2615-5-03 priate choice for the primary datum. The primary datum is
simulated by a plane contacting the high points of that sur-
face (see Figure 5-8). If irregularities on the surface of a
primary or secondary datum feature are such that the
printed board is unstable (that is, it wobbles) when brought
E — into contact with the corresponding surface of a fixture, the
printed board may be adjusted to an optimum position, if
necessary, to simulate the datum. Unless otherwise speci-
fied on the drawing, it is understood that the contact points

could be circuitry or the base laminate, depending on the
flatness of the printed board.

Figure 5-3 Datum Reference Using Printed Board Edges

5.3.2 Secondary and Tertiary Datum Features Not Sub-
ject to Size Variations The sequence for establishing the
F 2] datum reference frame is illustrated in Figure 5-3 when the
edges of a printed board are specified as secondary and ter-
tiary datum features. The primary datum feature relates the
Figure 5-4 Hole and Slot Establishing Secondary and part to the datum reference frame by bringing a minimum
Tertiary Datums of three points on the surface into contact with the first
datum plane. The secondary datum is established by bring-
establishes the opposite side of the printed board as theing at least two points of the secondary datum feature into
primary datum feature. The other two datum planes are contact with the second datum plane. The relationship is
established by either two holes, etched features or edges ofompleted by bringing at least one point of the tertiary
the printed board. Coordinate zero for measurement shoulddatum into contact with the third datum plane. Measure-
originate at the secondary datum feature. All datum fea- ments on the printed board are made from the datum
tures should either be located on grid or establish grid cri- planes. This method of establishing a datum reference
terion. All datum features shall be located within the board frame is recommended when the edges are the most criti-
profile or on the board profile itself. cal locating features of the printed board.

IPC-2615-5-04

5.2.3.1 Positioning Part on Datum Reference Frame 5.3.3 Secondary and Tertiary Datum Features Subject
Figure 5-2 illustrated the typical sequence for positioning to Size Variations Datum features such as diameters and
the printed board shown in Figure 5-6 on a datum referencewidths (e.qg., slots) are subject to variations in size as well
frame as simulated by the processing equipment. The pri-as form. Because variations are allowed by the size dimen-
mary datum feature relates the printed board to the datumsion, it becomes necessary to determine whether RFS or
reference frame by bringing a minimum of three points on MMC applies in each case (see 4.1, 4.2, and 4.3). For a
the surface into contact with the first datum plane (see Fig- tolerance of position, the datum reference letter is always
ure 5-2a). The printed board is further related to the frame followed by the appropriate modifying symbol in the fea-
by bringing at least two points of the secondary datum fea- ture control frame. For all geometric tolerances, RFS is
ture into contact with the second datum plane as simulatedimplied unless otherwise specified.

by a pin in a drill press (see Figure 5-2b and Figure 5-7).

The relationship is completed by bringing at least one point 5.3.4 Specifying Datum Features RFS Where a datum

of the tertiary datum feature into contact with the third feature of size is applied on an RFS basis, the datum is
datum plane (see Figure 5-2c). As measurements are madestablished by physical contact between the feature surface

12
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Figure 5-5 Additional Datum Example

or surfaces and surfaces of the processing or inspections.3.5 Specifying Datum Features at MMC Where a

equipment. Machine elements which are variable in size datum feature of size is applied on an MMC basis, machine
(such as tooling pins, surface plates, or guide rails) are and gauging elements in the processing equipment, which
used to simulate a true geometric counterpart of the featureremain constant in size, may be used to simulate a true
and to establish the datum. geometric counterpart of the feature and to establish the

a)

b)

] datum. In each case, the size of the simulated datum is
Secondary Datum Feature — Diametefor an external  getermined by the specified MMC limit of size of the

feature, the secondary datum (axis or center plane) is yatym feature o its virtual condition, where applicable.
established by the axis of the smallest circumscribed,

perfect cylinder which contacts the profile surface of 5-3-5:1 Datum Feature Size Control Where a datum
the printed board. For an internal feature (a hole), the feature of size is controlled by a specified tolerance of form

datum is the axis of the largest inscribed, perfect cylin- (pro_file), the size of the simulated datum is the MMC limit
der which contacts the hole surface. The contacting cyl- of size.

inder must be oriented perpendicular to the primary 5352 secondary or Tertiary Datum Features of Size
datum. Datum B in Figure 5-7 illustrates this principle. \where secondary or tertiary datum features of size in the
Secondary Datum Feature — Widtfor an external ~ Same datum reference frame are controlled by a specified

feature, the secondary datum (axis or center plane) istolerance of location or orientation with respect to each
established by the center plane between two parallel other, the size of the simulated datum is the virtual condi-

planes which, at minimum separation, contact the cor- Flllon of thebda;[um feaé[ure (536 F|_gured5-9). ]:I'h|s example_

responding surfaces of the feature. For an internal fea- |_ustrates ot secondary an t_ertlary atgr_n eatures speci-
: fied at MMC but simulated at virtual condition.

ture (a slot), the datum is the center plane between two

parallel planes which at maximum separation contact 5 3.6 Cylindrical Datum Features Cylindrical datum

the corresponding surfaces of the slot. The contacting features can be holes or the profile of a circular shaped

parallel planes must be oriented perpendicular to the printed board. A cylindrical datum feature is always asso-

primary datum. ciated with two theoretical planes intersecting at right

13
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Figure 5-6 Datum Feature Identification and Reference
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Figure 5-7 Secondary Datum Established By Internal Feature
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Figure 5-8 Datum Feature and Simulated Datum
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angles on the datum axis. These planes indicate the directheoretical planes — the second and third in a three-plane
tion of measurements made from the datum axis. The relationship. These two theoretical planes are represented
datum established by a cylindrical surface is the axis of a on a drawing by centerlines crossing at right angles, as in
true cylinder simulated by the processing equipment (seeFigure 5-10, part (a). The intersection of these planes coin-
5.3.4 and 5.3.5). Since most printed boards use tooling cides with the datum axis (see Figure 5-10(b)). Once estab-
holes for mounting or positioning, the use of cylindrical lished, the datum axis becomes the origin for related
datum features, that is, holes, for the secondary and tertiarydimensions while the two planes (X and Y) indicate the
datum is the common method for establishing the datum direction of measurements. In this example, angular orien-
reference frame. tation of planes X and Y is immaterial, as rotation of the
pattern of holes about the datum axis has no effect on the
5.3.6.1 Cylindrical External Datum Features Figure function of the printed board. In such cases, only two
5-10 illustrates a printed board having an external cylindri- datum features are referenced in the feature control frame:
cal datum feature. Primary datum feature K relates the
printed board to the first datum plane. Since secondary5.3.6.2 Cylindrical Internal Datum Features Figure
datum feature M is cylindrical, it is associated with two 5-11 illustrates a hole used as an internal cylindrical datum
feature. It is associated with two theoretical planes — the
second and third in a three-plane relationship. The intersec-
tion of these planes coincides with the datum axis. Once
established, the datum axis becomes the origin for related
dimensions while the two planes (X and Y) indicate the
direction of measurements.

-+ 5.3.7 Angular Orientation When using a circular datum

[ feature to establish the secondary datum plane, a tertiary
datum feature must be specified to establish angular orien-
tation. To establish angular orientation of two planes about
the datum axis, a third or tertiary datum feature is refer-

| | enced in the feature control frame. The feature can be a
hole, or a slot (see Figures 5-4 and 5-9). In this example,
angular orientation of the two planes intersecting through B

@ 35-36 is established by the center plane of slot C, the tertiary
(@]9 02@[KIM@] datum feature. Figure 5-12 illustrates the development of

the theoretical datum reference frame for the positional tol-

@) erance applied in Figure 5-4.

Datum axis
Third \ 5.3.8 Patter.n of Features to !Establish a Secondary
datum Datum Multiple features of size, such as a pattern of
plane ggt‘fjonqd holes at MMC, may be used as a group to establish a
plane datum when part function dictates (see Figure 5-13). In this
case, individual datum axes are established at the true posi-

-~
SNAN TN
NANATNAY
~

REREEREES

tion of each hole. These are the axes of true cylinders

which simulate the virtual condition of the holes. When the
printed board is mounted on the primary datum surface and

> rotated about the centroid of the secondary pattern of holes,

. a central datum axis (axis of rotation) is generated for
establishing the datum reference frame.
First

gfgﬁg‘ 5.3.9 Multiple Datum Reference Frames More than one
datum reference frame may be established for certain
(b) asiooo printed boards, depending upon functional requirements. In
Figure 5-14, datums A, B, and C constitute one datum ref-
Figure 5-10  Part With Cylindrical Datum Features (a) erence frame, while datums A, D, and E constitute a sec-
primary datum feature K, which establishes a datum ond datum reference frame.

plane; and (b) secondary datum feature M, which
establishes a datum axis.

16
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Figure 5-11 Cylindrical Internal Datum Features
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Figure 5-12 Development of a Datum Reference Frame
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Figure 5-14 Multiple Datum Reference Conditions (Rigid/Flex) Examples

5.3.9.1 Referencing Datums in Feature Control inherent irregularities, the entire surface of some features
Frames Only the required number of datums should be cannot be effectively used to establish a datum. Examples
referenced in a feature control frame when specifying geo- are nonplanar or uneven surfaces produced by molding and
metric tolerances. An understanding of the geometric con- thin section surfaces subject to bowing, warping, or other
trol provided by these tolerances is necessary to effectivelyinherent or induced distortions. The use of datum targets
determine the number of datum references required for acan be beneficial when the bottom layer of an assembled
given application. Additionally, functional requirements of printed board is specified as a primary datum; the existence
the design should be the basis for selecting the related fea-of solder-side components and leads from the through-hole
tures to be referenced as datums. Figure 5-15 illustrates acomponents elevating the printed board to an uneven plane,
printed board where three geometric tolerances are speciit is difficult to determine the datum plane for inspection
fied, each having the required number of datum references.purposes. Datum targets simplify locating the datum plane.
Although common datum identifying letters appear in each See 5.4.1 through 5.4.2 for additional information.

frame, each combination is a different and independent

requirement. ) )
5.4.1 Datum Target Symbols Points, lines, and areas on

5.4 Datum Targets Datum targets designate specific datum features are designated on the drawing by means of
points, lines, or areas of contact on a printed board that area datum target symbol (see Figure 5-16). The symbol is
used in establishing a datum reference frame. Because ofplaced outside the printed board outline with a radial

18



July 2000

IPC-2615

Location

(B] D 03800155 W[ A BM] c W)

Symbol Quantity Diameter
A 3 3.61-3.71

[0.142 - 0.146]

I A G-
N\ N

361-3.71
D [0.142-0.146]

[ | @ 0.0110.004) @]5]

3.61-3.71
D [0.142- 0.146]

(& [ @ 0.1510.006) @) [ @ |

IPC-2615-5-15

Figure 5-15 Referencing Datums in Feature Control Frames
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Figure 5-16 Datum Target Symbol

5.4.1.1 Datum Target Points A datum target point is
indicated by the symbol “X,” which is dimensionally
located on a direct view of the surface. Where there is no
direct view, the point location is dimensioned on two adja-
cent views (see Figure 5-17).

5.4.2 Datum Target Dimensions The location and size,
where applicable, of datum targets are defined with either
basic or toleranced dimensions. If defined with basic
dimensions, tooling or gaging tolerances are assumed to
apply. Figure 5-18 illustrates a printed board where datum
target points are located by means of basic dimensions. In
this example, three mutually perpendicular planes areestab-
lished by three target points on the primary datum feature,
two on the secondary, and one on the tertiary.

(leader) line directed to the target. The use of a solid radial 5.4.3 Datum Planes A primary datum plane is estab-
(leader) line indicates that the datum target is on the nearlished by at least three target points or areas not on a
(visible) surface. The use of a dashed radial (leader) line straight line (see Figure 5-19). Secondary and tertiary
indicates that the datum target is on the far (hidden) sur- datum planes are usually established by two and one target
face. The datum feature itself is identified in the usual points or areas, respectively.

manner with a datum feature symbol.
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Figure 5-18 Dimensioning Datum Targets
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Figure 5-19 Primary Datum Plane Established

6 TOLERANCES OF LOCATION 6.2.2 Feature Control Frame A feature control frame is
added to the note used to specify the size and number of
6.1 General features (see Figures 6-2 and 6-3). These figures show dif-

This Section establishes the principles of tolerances of ferent types of feature pattern dimensioning.

location used to control the following relationships: 6.2.3 Establish Datums for Dimensions Locating True

a) center distance between such features as holes, slotspositions It is necessary to identify features on printed

and tabs; board to establish datums for dimensions locating true
b) location of features as a group from datum features, positions. On printed boards, this is generally accom-
such as plane; plished by using nonplated-through holes as in Figures 3-2

aand 5-2. The intended datum features are identified with
datum feature symbols and the applicable datum references
are included in the feature control frame. For information

o on specifying datums in an order of precedence, see 5.2.3.
6.2 Positional Tolerancing A positional tolerance  gq¢ Figure 6-4

defines a zone within which the center, axis, or center plane

of a feature of size is permitted to vary from true (theoreti- 2.4 Application to Base Line and Chain Dimension-

cally exact) position. Basic dimensions establish the true ing True position dimensioning can be applied as base
position from specified datum features and between inter- |ine dimensioning or as chain dimensioning. For positional
related features. A positional tolerance is indicated by the tolerancing, unlike plus and minus tolerancing as shown in
position symbol, a tolerance, and appropriate datum refer- Figure 6-5, basic dimensions are used to establish the true

c) features with center distances equally disposed about
datum axis or plane.

ences placed in a feature control frame. position of features. Assuming identical positional toler-
ances are specified, the resultant tolerance between any two
6.2.1 Feature Locations Given by Basic Dimensions holes will be the same for chain dimensioning as for base

The location of each feature (hole, slot, etc.) is given by line dimensioning. This also applies to angular dimensions,
basic dimensions. Many drawings are based on a schedulgvhether base line or chain type.

of general tolerances, usually provided near the drawing
title block. See ANSI Y14.1. Dimensions locating true
position must be excluded from the general tolerance in
one of the following ways:

6.3 Fundamental Explanation of Positional Tolerancing

6.3.1 Material Condition Basis Positional tolerancing is

) T ) applied on an MMC, RFS, or LMC basis. The appropriate

a) applying the basic dimension symbol to each of the gympo| follows the specified tolerance and applicable
basic dimensions [see Figure 6-1, parts (&) and (D) gatum reference in the feature control frame (see 4.5).

b) specifying on the drawing (or in a document referenced
on the drawing) the general note: UNTOLERANCED 6.3.2 MMC as Related to Positional Tolerancing The
DIMENSIONS LOCATING TRUE POSITION ARE  positional tolerance and maximum material condition of
BASIC [see Figure 6-1), part (c)] mating features are considered in relation to each other.
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NOTE: UNTOLERANCED DIMENSIONS LOCATING TRUE POSITION ARE BASIC

(c) Basic dimensions identified by a note IPC-2615-6-01

Figure 6-1 Identifying Basic Dimensions

MMC by itself means a feature of a finished product con- a Hole. While maintaining the specified size limits of the
tains the maximum amount of material permitted by the hole, no element of the hole surface shall be inside a theo-
toleranced size dimension for that feature. Thus, for holes, retical boundary located at true position (see Figure 6-6).
slots, and other internal features, maximum material is the (b) In Terms of the Axis of a Hole. Where a hole is at
condition where these features are at their minimum allow- MMC (minimum diameter), its axis must fall within a
able sizes. For lands, surface mount features, tabs, anctylindrical tolerance zone whose axis is located at true
other external features, maximum material is the condition position. The diameter of this zone is equal to the posi-
where these features are at their maximum allowable sizes.jgnal tolerance as shown in Figure 6-7, parts (a) and (b).
This tolerance zone also defines the limits of variation in
6.3.2.1 Positional Tolerance Applied at MMC A posi- the attitude of the axis of the hole in relation to the datum
tional tolerance applied at MMC may be explained in surface (see Figure 6-7 (c)). It is only when the feature is
either of the following ways. (a) In Terms of the Surface of at MMC that the specified positional tolerance applies.
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Figure 6-3 Positional Tolerancing
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Figure 6-4 Establishing Datums for True Position Location

Where the actual size of the feature is larger than MMC, pattern of features, as a group, where the datum feature
additional positional tolerance results (see Figure 6-8). This departs from MMC. This may become necessary in appli-
increase of positional tolerance is equal to the difference cations such as rigid mounting features on a printed board
between the specified maximum material limit of size where mating chassis features have a tight (or interference)

(MMC) and the actual size of the feature. fit in order to function properly. It typically is not necessary
for component mounting holes because sufficient tolerances
6.3.2.2 RFS as Related to Positional Tolerancing In are in place to allow a clearance fit between component

certain cases, the design or function of a part may requireleads and holes.
the'pos';ltlonal tolerance or datum referenge, or both, to be 6.3.3 LMC as Related to Positional Tolerancing Where
maintained regardless of actual feature sizes. RFS, where

lied to th tional tol res th is of hpositional tolerancing at LMC is specified, the stated posi-
applied to the positional tolerance, requires the axis ot €achy;, ) yolerance applies when the feature contains the least
feature to be located within the specified positional toler-

. ) . amount of material permitted by its toleranced size dimen-
ance regardless of the size of the featur_e_ This requw_ementsion. Thus for holes, slots, and other internal features, least
IMPOSEs a clos_e_r con trol Of the_ features involved and intro- material condition is the condition where these features are
duces complexities in verification. at their maximum allowable sizes. For profile features or
other external features, LMC is the minimum allowable
6.3.2.3 Positional Location Example In Figure 6-10, the  gjze gpecification of LMC further requires perfect form at
six holes may vary in size from 6.30 to 6.40 diameter. Each | pmc. Perfect form at MMC is not required. Where the
hole must be located within the specified positional toler- featyre departs from its LMC size, an increase in positional

ance regardless of the size of that hole. A hole at LMC {gjerance is allowed, which is equal to the amount of such
(6.40 diameter) is as accurately located as a hole at MMC geparture.

(6.30 diameter). This positional control is more restrictive o o . ) .
than the MMC principle. Specifying LMC is limited to positional tolerancing appli-

cations where MMC does not provide the desired control
and RFS is too restrictive (see Figure 6-11). LMC is used
to maintain a desired relationship between the surface of a
feature and its true position at tolerance extremes. Consid-
erations critical to the design are usually involved (see Fig-
ure 6-12).

6.3.2.4 Functional Requirements Variations The func-
tional requirements of some designs may require that RFS
be applied to both the hole pattern and datum feature. That
is, it may be necessary to require the axis of an actual
datum feature (such as datum diameter B in Figure 6-10 to
be the datum axis for the holes in the pattern regardless 0f6.3.4 Multiple Patterns of Features Located by Basic
the datum feature’s size. The RFS application does not per-Dimensions Relative to Common Datums Where two or
mit any shift between the axis of the datum feature and the more patterns of features are located by basic dimensions
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relative to common datum features referenced in the sameSince all locating dimensions are basic and all measure-

order of precedence, the following apply. ments are from a common datum reference frame, verifica-
tion of positional tolerance requirements for the printed
6.3.4.1 Multiple Patterns of Features Example One In board can be collectively accomplished in a single setup or

Figure 6-13, each pattern of features is located relative to gage as illustrated by Figure 6-14. The actual centers of all
common datum features not subject to size tolerances.holes must lie on or within their respective tolerance zones
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complete horizontal entry in the feature control frame of

Hole position may vary Figure 6-16 constitutes a separate requirement. The posi-
but no point on its surface tion symbol is entered once and is applicable to both hori-
shall be inside theoretical zontal entries. The upper entry is referred to as the pattern-
boundary. locating control. It specifies the larger positional tolerance

for the location of the pattern of features as a group. Appli-
cable datums are specified in a desired order of precedence.
The lower entry is referred to as the feature-relating con-
trol. It specifies the smaller positional tolerance for each
feature within the pattern (feature-to-feature relationship)
and repeats the primary datum (same as upper part of

True position

frame).
[o4]
' Theoretical boundary- 6.4.1.1 Pattern of Features Located from Specified

minimum diameter of Datums Each pattern of features is located from specified

hole (MMC) minus the datums by basic dimensions. Figure 6-17 provides the
positional tolerance. explanation and interpretation of the illustration in Figure

IPC-2615-6-06 6-16. The lower entry, in addition to providing interrela-

Figure 6-6 Boundary for Surface of Hole at MMC tionship control of the features in each pattern, controls the

extent of attitude variation (perpendicularity in the case of
_ Figure 6-16) of each feature axis in relation to the plane
when mgasured f'rom. datums A, _B’ anq Note: Th.e established by datum A. As can be seen from the sectional
explanation given in Figure 6-14 SFI” applies where inde- view of the tolerance zones in Figure 6-17, the axes of both
pendent.verlflcatlon of pattern Iocayons becomes necessary, . large and small zones are parallel. The axes of the 6-12
due to size or complexity of the printed board. holes may vary obliquely (out of perpendicular) only
within the confines of the respective smaller positional tol-
6.3.4.2 Multiple Patterns of Features Example Two erance zones. The axes of the holes must lie within the
Multiple patterns of features, located by basic dimensions |grger tolerance zones and also within the smaller tolerance
from common datum features that are subject to size toler- ;ones. |n certain instances, a portion of the smaller zones
ances, are also considered a single composite pattern ifmay fall beyond the peripheries of the larger tolerance
their respective feature control frames contain the same,gnes However, this portion of the smaller tolerance zone
datums in the same order of precedence with the samejs not ysable because the axis of the feature must not vio-
modifying symbols. If such interrelationship is not required |5te the larger tolerance zonlote: The zones in Figure
between one pattern and any other pattern or patterns. &_17 are shown as they exist at MMC of the features
notation such as SEP REQT is placed beneath each appliyepicted in Figure 6-16. The large zones would increase in
cable feature control frame (see Figure 6-15). size by the amount the features depart from MMC, as
This allows each feature pattern, as a group, to shift inde- would the smaller zones; the two zones are not cumulative.

pendently of each other relative to the axis of the datum o . . )
6.5 Bi-directional Positional Tolerancing of Features

feature and denotes an independent relationship between L . . :
the patterns Where it is desired to specify a greater tolerance in one

direction than another, bi-directional tolerancing may be
applied. Bi-directional positional tolerancing results in a

6.4 Feature Pattern Location Where design require- o0 e iar tolerance zone for locating round holes: there-
ments permit the location of a pattern of features as a grouD1‘ore, the diameter symbol is omitted from the feature con-

to vary wi'thin a larger tolerance 'Fhan the positional toler-. trol frame in these applications (see Figure 6-18).
ance assigned to each feature in the pattern, composite
positional tolerancing is used. For example, this would 6.6 position of Non-Circular Features The basic prin-
apply to a set of mounting holes to allow the pattern to ciples of true position dimensioning and positional toler-
float while maintaining a tighter tolerance center to center ancing for circular features, such as holes, apply also to
among the pattern. noncircular features, such as open end slots, tabs, and elon-
gated holes. For such features of size, a positional tolerance
6.4.1 Composite Positional Tolerancing Composite is used to locate the center plane established by parallel
application of positional tolerancing provides for location surfaces of the feature. The tolerance value represents a
of feature patterns as well as the interrelation of features distance between two parallel planes. The diameter symbol
within these patterns. Requirements are annotated by theis omitted from the feature control frame (see Figures 6- 19
use of a composite feature control frame. See 3.4.2.2. Eachand 6-20).
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Figure 6-7 Hole Axes in Relation to Positional Tolerance Zones

6.6.1 Non-circular Features at MMC Where a positional 6.7 Undimensioned Drawings (Artwork) An undimen-
tolerance of a noncircular feature - for example, a slot - sioned drawing, as referenced in IPC-D-325 and applied to
applies at MMC, the following apply. printed board artwork actually is dimensioned in digital
database without tolerances. Positional tolerances for fea-
In Terms of the Surfaces of a Slot. While maintaining the tures such as circular lands for plated-through holes are
specified width limits of the slot, no element of its side defined by minimum annular ring and registration require-
surfaces shall be inside a theoretical boundary defined byments in combination with the hole position tolerance. The
two parallel planes equally disposed about true position term “undimensioned” comes from the standpoint of a pat-

and separated by a distance equal to that shown for W intern that is used as supplied, without reference to dimen-
Figure 6-21. sions, except for location.
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Figure 6-8 Increase in Positional Tolerance Where Hole is Not at MMC
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Figure 6-9  Conventional Positional Tolerancing at MMC
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Figure 6-10 Regardless of Feature Size Applied to A Feature and A Datum
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Figure 6-11 Increase in Positional Tolerance Where Hole is not at LMC
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Figure 6-12 LMC Applied to A Pattern of Mounting Pins

31



IPC-2615 July 2000

axogy
(D
N
W‘DO.S@|A|B|C|
N
N
exmebo'z

|$—|DO.1@|A|B|C| \ . EEI

IPC-2615-6-13

Figure 6-13 Multiple Patterns of Features
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Figure 6-14 Tolerance Zones for Patterns Shown in Figure 6-13
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Figure 6-15 Multiple Patterns of Features, Separate Requirement
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Figure 6-16 Hole Patterns Located By Composite Positional Tolerancing
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Pattern-locating True position
tolerance zone related to datum
0os reference frame 2.4 froné
76 from atum
datum C 20 20

Axes of holes must lie within O 0.8 pattern-locating tolerance zones, the
zones being basically located in relation to the specified datum reference frame.

Second part of callout
means:

00.25M)|A]

76 from
datum C

to datum plane A.

Axes of holes must lie within 0 0.25 feature-relating tolerance zones,
the zones being basically related to each other and basically oriented

Actual hole
axis within
both zones

20

Feature relating
tolerance zone

0 0.8 pattern-
locating tolerance

Datum plane A zone

F=

90°

la—"

Pattern-locating tolerance zone
shown with hole nearing its
maximum positional shift.

0 0.25
0 0.25 pattern-locating
tolerance zone
Datum
plane A
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Y
90° 1/
Al
/
Feature-relating tolerance zone
shown with hole at its maximum
inclination in relation to
datum plane A.
IPC-2615-6-17

Figure 6-17 Tolerance Zone for Three-Hole Hole Patterns Shown

in Figure 6-16.
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Figure 6-18 Bi-Directional Positional Tolerancing, Rectangular Coordinate Method

Figure 6-19 Keying Slot Detail
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Figure 6-21 Keying Slot Detalil

7 TOLERANCES OF FORM, ORIENTATION, PROFILE form or orientation may be specified where no tolerance of
size is given; for example, the control of flatness after

7.1 General This Section establishes the principles and assembly of the printed board.

methods of dimensioning and tolerancing to control form,

profile, and orientation of various geometrical shapes and 7-3-1 Form and Orientation Tolerance Zones A form or
free state variations. orientation tolerance specifies a zone within which the con-

sidered feature, its axis, or its center plane must be con-
7.2 Form and Orientation Control Form tolerances con- tained. The tolerance value represents a total linear distance

trol straightness, flatness and circularity. Orientation toler- P&tween two geometric boundaries.

2”03?100”?0' angularity, paralll;ellsm ar_‘d perpendlcaulgrlty. 7.3.1.1 Tolerance Control Over a Limited Area Certain
q pro 'dej to eraEce may conlt.rod cgm orientation, gnd Size, designs require control over a limited area or length of the
epending on how it is applied. Since, to a certain egree’surface, rather than control of the total surface. In these

the limits of size control fqrm apd parallelism, and.toler- instances, the area, or length, and its location are indicated
ances of location co_ntrol orientation, thg gxtent of this con- by a heavy chain line drawn adjacent to the surface with
trol should be considered before specifying form and ori- appropriate dimensioning. Where so indicated, the speci-
entation tolerances. fied tolerance applies within these limits instead of to the

total surface.
7.3 Specifying Form and Orientation Tolerances Form

and orientation tolerances critical to function and inter- 7.4 Profile Control A profile can be the outline of a
changeability are specified where the tolerances of size andprinted board or the outline of a land or land pattern. The
location do not provide sufficient control. A tolerance of elements of a profile are straight lines, arcs, and other
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curved lines. If the drawing specifies individual tolerances drawing must indicate the design requirements, such as by
for segments of a profile, these segments must be individu-specifying the maximum radius (see Figure 7-5).

ally verified. With profile tolerancing, the true profile may

be defined by basic radii, basic angular dimensions, basic7.4.1.2 Application of Datums In most cases, profile of
coordinate dimensions, and formulas or undimensioned a surface tolerance requires reference to datums in order to
drawings (artwork). provide proper orientation of the profile.

7.4.1 Profile Tolerancing The profile tolerance specifies  7.4.2 controlled Radius Tolerance A controlled toler-

a uniform boundary along the true profile within which the anced radius symbol CR creates a tolerance zone defined
elements of the surface must lie. It is used to control form, by two arcs (the minimum and maximum radii) that are
or combinations of size, form, and orientation. Profile tol- tangent to the adjacent surfaces (see Figure 7-5). The
erances are specified as a tolerance divided bilaterally onprinted board contour within the crescent-shaped tolerance
both sides of the true profile or applied unilaterally to zone must be a faired curve without reversals. Additionally,
either side of the true profile. Where an equally disposed radii taken at all points on the printed board contour shall
bilateral tolerance is intended, it is necessary to show only neither be smaller than the specified minimum limit nor
the feature control frame with a leader directed to the sur- |arger than the maximum limit.

face.

7.4.3 Angular Surfaces Where an angular surface, such
as the chamfer on an edge connector is defined by a com-

: dicate . . . . . of
the tolerance zone boundary. One end of a dimension Imeblnatlon of a linear dimension and an angle, the surface

is extended to the feature control frame. The phantom line must lie within a toler'ance zone represented by two T“’”'
need extend only a sufficient distance to make its applica- parallel planes (see Figure 7-6). The tolerance zone will be
tion clear (see Figure 7-1) wider as the distance from the apex of the angle increases.

Where a tolerance zone with parallel boundaries is desired,
Where a profile tolerance applies all around the profile of a a basic angle may be specified as in Figure 7-7.
printed board, the symbol used to designate “all around” is
placed on the leader from the feature control frame (see7.4.3.1 Angularity Tolerance Angularity is an orienta-
Figure 7-2). Where segments of a profile have different tol- tion tolerance applicable to related features. This tolerance
erances, the extent of each profile tolerance is indicated bycontrols the orientation of features to one another. Angular-
the use of reference letters to identify the extremities or ity is the condition of a surface or axis at a specified angle
limits of each requirement (see Figure 7-3). (other than 90°) from a datum plane or axis. An angularity
tolerance specifies a tolerance zone defined by two parallel
7.4.1.1 Profile Tolerance Implementation The tolerance planes at the specified basic angle from a datum plane, or
value represents the distance between two boundaries disaxis, within which the surface of the considered feature
posed about the true profile or entirely disposed on one must lie.
side of the true profile. Profile tolerances apply normal
(perpendicular) to the true profile at all points along the 7.4.3.2 Implied 90° Angle By convention, where center
profile. The boundaries of the tolerance zone follow the lines and surfaces of features of a part are depicted on
geometric shape of the true profile. The actual surface mustengineering drawings intersection at right angles, a 90°
lie within the specified tolerance zone and all variations angle is not specified. Implied 90° angles are understood to
from the true profile must blend. Where a profile tolerance apply.
encompasses a sharp corner, the tolerance zone extends to
the intersection of the boundary lines (see Figure 7-4). 7.4.3.3 Chamfers Specified By Note A note may be
Since the intersecting surfaces may lie anywhere within used to specify 45° chamfers as in Figure 7-8. This method
this converging zone, the actual printed board contour is used only with 45° chamfers as the linear value applies
could conceivably be rounded. If this is undesirable, the in either direction.

For an unequally disposed or a unilateral tolerance, phan-
tom lines are drawn parallel to the true profile to indicate
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THIS ON THE DRAWING MEANS THIS

0.8 wide tolerance zone equally dispositioned
about the true profile (0.4 each side)

True profile relative to Datum A

- { Actual profile

@

(a) Bilateral tolerance 0.8 wide tolerance zone entirely disposed on
one side of the true profile, as indicated

XTrue profile relative to Datum A

' Jf Actual profile
' NN _

—_—re—m e —————————\ —

®)

0.8 wide tolerance zone entirely disposed on

(b) Unilateral tolerance (inside) | € y ai
one side of the true profile, as indicated

True profile relative to Datum A

Q| 0.8 | A | IActuaI profile

(c) Unilateral tolerance (outside) (c)

IPC-2615-7-01

Figure 7-1 Application of A Profile of A Surface to A Contour
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Figure 7-2 Specifying Profile of A Surface All Around
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Figure 7-3 Specifying Different Profile Tolerance
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Figure 7-4 Profile Implementation
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Figure 7-5  Specifying A Controlled Radius
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Figure 7-6 Tolerancing An Angular Surface Using A Combination of Linear and Angular Dimensions
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\}\\ Possible orientation
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Datum plane B

The surface must lie between two parallel planes 0.4 apart
which are inclined at 30 to datum plane A. Additionally,
the surface must be within the specified limits of size.
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Figure 7-7 Interpreting Angularity Tolerances

Figure 7-8 45 Degree Chamfer
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Appendix A: FUNDAMENTAL DIMENSIONING AND TOLERANCING RULES

Al1.0 Dimensioning and Tolerancing Fundamentals h) Wires, cables, laminate sheets, rods, and other materi-

Dimensioning and tolerancing shall clearly define engineer-
ing intent and shall conform to the following.

a)

b)

d)

e)

f)

)

als manufactured to gauge or code numbers shall be
specified by linear dimensions indicating the diameter

i ) or thickness. Gauge or code numbers may be shown in
Each dimension shall have a tolerance, except for those parentheses following the dimension.

dimensions specifically identified as reference, maxi- . R C . .
- tock 1 stock si Th i) A 90° angle is implied where center lines and lines

mum, minimum, orsog (cgmmerma SOC, 3|ze.). N depicting features are shown on a drawing at right

tolerance may be applied directly to the dimension (or angles and no angle is specified

indirectly in the case of basic dimensions), indicated by

a general note, or located in a supplementary block of ) . .

the drawing format (see ANSI Y14.1). tures in a pattern or surfaces .shown at rlght 'angle's on
the drawing are located or defined by basic dimensions

Dimensions for size, form, and location of features and no angle is specified.

shall be complete to the extent that there is full under- )

standing of the characteristics of each feature. Neither

scaling (measuring the size of a feature directly from an

engineering drawing) nor assumption of a distance or

size is permittedNote: Undimensioned drawings, such A1.2 Units of Measurement For uniformity, all dimen-

as printed board ar_twork prepared on stable maFerlaI, sions in this Standard are given in Sl units. However, the
are excluded, provided the necessary control dimen- it of measurement selected should be in accordance with
sions are specified. the policy of the user.

Each necessary dimension of an end product shall be

shown. No more dimensions than those necessary fora1.2.1 siI Metric Linear Units The commonly used SI

complete definition shall be given. The use of reference linear unit used on engineering drawings is the millimeter.
dimensions on a drawing should be minimized.

A 90° BASIC angle applies where center lines of fea-

Unless otherwise specified, all dimensions are appli-
cable at 25°C (68°F). Compensation may be made for
measurements made at other temperatures.

Dimensions shall be selected and arranged to suit theA1.2.2 U.S. Customary Linear Units Historically, the
function and mating relationship of a printed board and common U.S. customary linear unit used on engineering
shall not be subject to more than one interpretation. ~ drawings was the decimal inch. However, for electronics

The drawing should define a printed board without the dominate and preferred system is now the metric sys-

specifying manufacturing methods. Thus, only the fin-

ished diameter of a hole is given without indicating

whether it is to be drilled, punched, or made by any
other operation. However, in those instances where
manufacturing, processing, quality assurance, or envi-
ronmental information is essential to the definition of

engineering requirements, it shall be specified on the
drawing or in a document referenced on the drawing
i.e., drilled hole considerations used to determine land
size.

A1.2.3 Identification of Linear Units On drawings
where all dimensions are either in millimeters or inches,
individual identification of linear units is not required.
However, the drawing shall contain a note stating UNLESS
OTHERWISE SPECIFIED, ALL DIMENSIONS ARE IN

MILLIMETERS (or IN INCHES, as applicable).

A1.2.3.1 Unit Abbreviations Where some inch dimen-

sions are shown on a millimeter-dimensioned drawing, the
It is permissible to identify as nonmandatory certain gppreviation IN. shall follow the inch values. Where some
processing dimensions that provide for finish allow- mjjimeter dimensions are shown on an inch-dimensioned

ance, shrink allowance, and other requirements, pro- grawing, the symbol mm shall follow the millimeter val-
vided the final dimensions are given on the drawing. es.

Nonmandatory processing dimensions shall be identi-

fied by an appropriate note, such as NONMANDA- 51 5 3 5 angular Units Angular dimensions are
TORY (MFG DATA). expressed in either degrees and decimal parts of a degree
Dimensions should be arranged to provide required or in degrees, minutes, and seconds. These latter dimen-
information for optimum readability. Dimensions sions are expressed by symbols: for degrees °, for minutes
should be shown in true profile views and refer to vis- ’, and for seconds.” Where degrees are indicated alone, the
ible outlines. numerical value shall be followed by the symbol °. Where
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only minutes or seconds are specified, the number of min-
utes or seconds shall be preceded by “0’ or “00,” as appli- ~ 193
cable (see Figure A-1). —i 12 i—

Ty -

25° 30" 45"
) ’-——T 115

I

Figure A-2 Millimeter Dimensioning
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016.4
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IPC-2615-a-02

A-Ls

0°0' 45"
IPC-2615-a-01 750 _L
Figure A-1  Angular Units —= a8
. . . . 50
Al1l.3 Types of Dimensioning Decimal dimensioning
shall be used on drawings. T
—-I |<— .215

A1.3.1 Millimeter Dimensioning The following shall be
observed when specifying millimeter dimensions on draw-

ings. I-— .750—-| —-I .50 I——
a) Where the dimension is less than one millimeter, a zero
precedes the decimal point (see Figure A-2). a1 0.745

b) Where the dimension is a whole number, neither the
decimal point nor a zero is shown (see Figure A-2).

¢) Where the dimension exceeds a whole number by a
decimal fraction of one millimeter, the last digit to the
right of the decimal point is not followed by a zero (see IPC-2615-2-03
Figure A-2). Note: This practice differs for tolerances  Figure A-3 Decimal Inch Dimensioning
expressed bilaterally or as limits (see B1.3).

d) Neither commas nor spaces shall be used to separat
digits into groups in specifying millimeter dimensions
on drawings.

A1.3.3 Decimal Points Decimal points must be uniform,
%ense, and large enough to be clearly visible and meet the
reproduction requirements of ANSI Y14.2M. Decimal
points are placed in line with the bottom of the associated

. . digits.
A1.3.2 Decimal Inch Dimensioning The decimal inch 9

system is explained in ANSI B87.1. The following shall be

observed when specifying decimal inch dimensions on A1-3-4 Conversion and Rounding of Linear Units For
drawings conversion and rounding of linear units, see appendix B

. . . B1.5.2.
a) A zero is not used before the decimal point for values

less than one inch. ) ) )
Al.4 Application of Dimensions Dimensions are applied

by means of dimension lines, extension lines, chain lines,
or a leader from a dimension, note, or specification directed
to the appropriate feature (see Figure A-4). General notes
are used to convey additional information. For further

information on dimension lines, extension lines, chain

lines, and leaders. see ANSI Y14.2M.

b) A dimension is expressed to the same number of deci-
mal places as its tolerance. Zeros are added to the right
of the decimal point where necessary (see Figure A-3
and B1.3).
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Figure A-4  Application of Dimensions

Figure A-6  Spacing of Dimensions

Al.4.1 Dimension Lines A dimension line, with its
arrowheads, shows the direction and extent of a dimension.
Numerals indicate the number of units of a measurement.
Preferably, dimension lines should be broken for insertion
of numerals as shown in Figure A-4. Where horizontal
dimension lines are not broken, numerals are placed above
and parallel to the dimension lines.

A1.4.1.1 Dimension Lines Alignment Dimension lines
shall be aligned if practical and grouped for uniform
appearance (see Figure A-5).

54

42

24

I

IPC-2615-a-07

60

4—204—“7 20

IPC-2615-a-05

Figure A-5 Grouping of Dimensions

Al1.4.1.2 Orientation of Dimension Lines to Measured
Feature Dimension lines are drawn parallel to the direc-

tion of measurement. The space between the first dimen-

sion line and the printed board outline should be not less
than 10 mm; the space between succeeding parallel dimen
sion lines should be not less than 6 mm (see Figure A-6).

Note: These spacings are intended as guides only. If the
drawing meets the reproduction requirements of the
accepted industry or military reproduction specification,

non conformance to these spacing requirements is not a

basis for rejection of the drawing.

Where there are several parallel dimension lines, the
numerals should be staggered for easier reading (see Figur
A-7).

Figure A-7 Staggered Dimensions

Al1.4.1.3 The following shall not be used as a dimension
line:

- a center line,

- an extension line,

- a phantom line,

- a line that is part of the outline of the object, or
- a continuation of any of these lines.

A dimension line is not used as an extension line, except
where a simplified method of coordinate dimensioning is
used to define curved outlines (see Figure A-8).

60

IPC-2615-a-08

Figure A-8 Dimension Line/Extension Line
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Al.4.1.4 Dimension Line of an Angle The dimension

line of an angle is an arc drawn with its center at the apex
of the angle. The arrowheads terminate at the extensions of
the two sides (see Figures A-1 and A-4).

Al1.4.1.5 Crossing Dimension Lines Crossing dimension
lines should be avoided. Where unavoidable, the dimension | ‘

lines are unbroken.

Al.4.2 Extension (Projection) Lines Extension lines are
used to indicate the extension of a surface or point to a IPC-2615-a-10
location outside the printed board outline. Normally, exten-
sion lines start with a short visible gap from the outline of
the printed board and extend beyond the outermost relate
dimension line (see Figure A-6). Extension lines are usu-
ally drawn perpendicular to dimension lines. Where space
is limited, extension lines may be drawn at an oblique
angle to clearly illustrate where they apply. Where oblique
lines are used, the dimension lines are shown in the direc-
tion in which they apply (see Figure A-9).

Figure A-10 Breaks In Extension Lines

IPC-2615-a-11

Figure A-11 Point Location

rs — 2 may be indicated by use of a chain line. Where the desired
area is shown on a direct view of the surface, the area is
h section lined within the chain line boundary and appropri-

! ately dimensioned (see Figure A-12).

12 / 15

‘ 45 -

| 60

IPC-2615-a-09

Figure A-9  Oblique Extension Lines

Al.4.2.1 Crossing Extension Lines Wherever practical,
extension lines should neither cross one another nor cross IPC-2615-a-12
dimension lines. To minimize such crossings, the shortest
dimension line is shown nearest the outline of the object
(see Figure A-7). Where extension lines must cross other
extension lines, dimension lines, or lines depicting features,
they are not broken. Where extension lines cross arrow-
heads or dimension lines close to arrowheads, a break in
the extension line is advisable (see Figure A-10).

Figure A-12 Limited Length or Area Indication

Al.4.4 Leaders (Leader Lines) A leader is used to direct
a dimension, note, or symbol to the intended place on the
drawing (see Figure A-13).

Al.4.2.2 Point Location by Extension Lines Where a R4
point is located by extension lines only, the extension lines
from surfaces should pass through the point (see Figure
A-11).

S BTN

Al1l.4.3 Limited Length or Area Indication Where it is IPC-2615-a-13
desired to indicate that a limited length or area of a surface
is to receive additional treatment or consideration within
limits specified on the drawing, the extent of these limits

Figure A-13 Leader-Directed Dimension
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Al.4.4.1 Leader-Directed Dimensions Leader-directed
dimensions are specified individually to avoid complicated

leaders. If too many leaders would impair the legibility of /K
the drawing, letters or symbols should be used to identify 45 7\

features (see Figure A-14). \y \Z4

oo, -] i

Indicated Y

=
: <

IPC-2615-a-16

Figure A-16 Reading Direction

8.6

3 Holes IPC-2615-a-14 60

Figure A-14 Minimizing Leaders

Al.4.4.2 Leaders Directed to Circles or Arcs Where the
leader is directed to a circle or an arc, its direction should

be radial (see Figure A-15). —\—\—
/ IPC-2615-a-17

Figure A-17 Intermediate Reference Dimension

20 ‘ 20 —=—(20)

where extension lines or leader lines would be excessively

+ ) . . :
long, dimensions may be placed within the outline of a
view
IPC-2615-2-15 Al1l.4.9 Dimensions Not to Scale Where it is necessary
. - . or desirable to indicate that a particular feature is not to
Figure A-15  Leader Directed to Circle scale, the dimension should be underlined with a straight

Al1.4.5 Reading Direction Dimensions and notes should thick line.

be placed to be read from the bottom of the drawing with

regard to orientation of the drawing format (see Figure A1.5 Dimensioning Features Various characteristics and

A-16). features of printed board require unique methods of dimen-
sioning.

Al.4.6 Reference Dimensions The method for identify-

ing a reference dimension (or reference data) on drawingsA1.5.1 Diameters The diameter symbol precedes all dia-

is to enclose the dimension (or data) within parentheses. metrical values. Where the diameters of a number of con-
centric cylindrical features are specified, such diameters

A1.4.7 Overall Dimensions Where an overall dimension should be dimensioned in a longitudinal view if practical.

is specified, one intermediate dimension is omitted or iden-

tified as a reference dimension. Where the intermediate A1.5.2 Radii Each radius value is preceded by the appro-

dimensions are more important than the overall dimension, priate radius symbol. A radius dimension line uses one

the overall dimension, if used, is identified as a reference arrowhead, at the arc end. An arrowhead is never used at

dimension (see Figure A-17). the radius center. Where location of the center is important
and space permits, a dimension line is drawn from the
Al.4.8 Dimensioning Within the Outline of a View radius center with the arrowhead touching the arc, and the

Dimensions are usually placed outside the outline of a dimension is placed between the arrowhead and the center.
view. Where directness of application makes it desirable, or Where space is limited, the dimension line is extended

49



IPC-2615

July 2000

through the radius center. Where it is inconvenient to place
the arrowhead between the radius center and the arc, it may
be placed outside the arc with a leader. Where the center of
a radius is not dimensionally located, the center shall not

be indicated (see Figure A-18).

:

R 130

R3

R3

LA

+
:RS

IPC-2615-a-18

Figure A-18 Radii

Al1.5.2.1 Dimensions Given to the Center of a Radius

RlO/_ b
/

24

R 10 IPC-2615-a-20

Figure A-20 Radii With Unlocated Center

A1.5.2.3 Multiple Radii of the Same Dimension Where

a printed board has a number of radii of the same dimen-
sion, a note may be used instead of dimensioning each
radius separately.

Where a dimension is given to the center of a radius, a A1.5.3 Chords, Arcs, and Angles The dimensioning of
small cross is drawn at the center. Extension lines and chords, arcs, and angles shall be as shown in Figure A-21.
dimension lines are used to locate the center (see Figure

A-19). Where location of the center is unimportant, the
drawing must clearly show that the arc location is con-
trolled by other dimensioned features such as tangent sur

faces (see Figure A-20).

28

IPC-2615-a-19

Figure A-19 Radius With Locating Center

A1.5.2.2 Center of a Radius Outside or Interfering with

IPC-2615-a-21

Figure A-21 Dimensioning Chords, Arcs, and Angles

Al1.5.4 Rounded Ends Overall dimensions are used for
printed boards having rounded ends. For fully rounded

the Drawing Where the center of a radius is outside the ends, the radii are indicated but not dimensioned (see Fig-
drawing or interferes with another view, the radius dimen- Uré A-22). For printed board with partially rounded ends,
sion line may be foreshortened (see Figure A-20). That the radii are dimensioned (see Figure A-23).

portion of the dimension line extending from the arrow-

head is radial relative to the arc. Where the radius dimen- o1 5 5 Rounded Corner Where corners are rounded,

sion line is foreshortened and the center located by coordi- §imensions define the edges and the arcs are tangent (see
nate dimensions, the dimension line locating the center is Figure A-24).

also foreshortened.
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Figure A-22 Fully Rounded Ends
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IPC-2615-a-23

Figure A-23 Partially Rounded Ends

IPC-2615-a-24

Figure A-24 Rounded Corners

A1.5.6 Outlines Consisting of Arcs A curved outline

A1.5.7 Irregular Outlines Irregular outlines may be
dimensioned as shown in Figures A-26 and A-27.
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Figure A-26 Coordinate or Offset Outline
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Figure A-27 Tabulated Outline

A1.5.7.1 Circular or Non-Circular Outlines Circular or
noncircular outlines may be dimensioned by the rectangu-
lar coordinate or offset method (see Figure A-26). Coordi-

composed of two or more arcs is dimensioned by giving nates are dimensioned from base lines. Where many coor-
the radii of all arcs and locating the necessary centers with dinates are required to define an outline, the vertical and
coordinate dimensions. Other radii are located on the basishorizontal coordinate dimensions may be tabulated, as in

of their points of tangency (see Figure A-25).

R18 \ | R 80
~ /

<——- 30 L 40

Note use of foreshortened radii.

IPC-2615-a-25

Figure A-25 Circular Arc Outline

Figure A-27.

A1.5.7.2 Curved Patterns Curved patterns may be
defined by a grid system with numbered grid lines.

A1.5.8 Round Holes Round holes are dimensioned as

shown in Figure A-28. Where it is not clear that a hole goes
through, the abbreviation THRU follows a dimension. The

depth dimension of a blind hole is the depth of the full

diameter from the surface of the printed board. Where a
blind hole is also counterbored or counterdrilled, the depth
dimension applies from the outer surface. For clarity, it is
recommended that a fully dimensioned, side view detail be
provided.

51



IPC-2615

July 2000

@12
THRU

@12

a8

1V

!
]

/)

a8

16

DEEP

IPC-2615-a-28

Figure A-28 Round Holes

A1.5.9 Slotted Holes Slotted holes are dimensioned as
shown in Figure A-29. The end radii are indicated but not
dimensioned.

Al1.5.12 Chamfers Chamfers are dimensioned by an

angle and a linear dimension, or by two linear dimensions
(see Figure A-30). Where an angle and a linear dimension
are specified, the linear dimension is the distance from the
indicated surface of the printed board to the start of the
chamfer. A note may be used to specify 45° chamfers. This
method is used only with 45° chamfers, as the linear value
applies in either the longitudinal or radial direction. Where

chamfers are required for surfaces intersecting at other than
right angles, the methods shown in Figure A-31 are used.

A1.5.13 Edge Card Connector Dimensions Edge card
connectors are dimensioned by length, width, and location
to the critical mating feature (see Figure A-32). Tolerances
for card edges and keying slots shall be such that keying
slots do not cut into or damage contact finger.

Al1.5.14 Surface Texture Methods of specifying surface
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IPC-2615-a-29

texture requirements are covered in ANSI Y14.36. For
additional information, see ANSI B46.1.

Figure A-29 Slotted Holes

Al.2 Location of Features Rectangular coordinate or
polar coordinate dimensions locate features with respect to
one another and, as a group or individually, from a datum
or an origin. The features that establish this datum or ori-
gin must be identified. See 6.2.3. Round holes or other fea-
tures of symmetrical contour are located by giving dis-
tances or distances and directions to the features’ centerg
(see Figures A-33 through A-35).

45° x 2
or2x2

A

P

Al1l.2.1 Rectangular Coordinate Dimensioning Where

/\450
Aol

IPC-2615-a-30

rectangular coordinate dimensioning is used to locate fea-Figure A-30 Equalized Chamfers

tures, linear dimensions specify distances in coordinate
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location of a large number of similarly shaped features.
Tables are prepared in any suitable manner that adequately
locates the features.

\/ 604)\/\ Al.2.4 Polar Coordinate Dimensioning Where polar
J coordinate dimensioning is used to locate features, a linear
2/ and an angular dimension specify a distance from a fixed
\-J 2 L J 2 L point at an angular direction from two or three mutually
perpendicular planes. The fixed point is the intersection of

_ these planes. Components shall not be located on polar
Figure A-31  Chamfers at Other Than 90° grids because of manufacturing equipment incompatibility

IPC-2615-a-31

directions from two or three mutually perpendicular planes (S€e Figure A-35).
(see Figure A-33). Coordinate dimensioning must clearly
indicate which features of the printed board establish theseA1.2.5 Repetitive Features or Dimensions Repetitive

planes. features or dimensions may be specified by the use of an
“X" in conjunction with a numeral to indicate the “num-
Al1l.2.2 Rectangular Coordinate Dimensioning Without ber of times” or “places” required.

Dimension Lines Dimensions may be shown on exten-

sion lines without the use of dimension lines or arrow- A1.2.5.1 Repeated Features Features, such as holes and

heads. The base lines are indicated as zero coordinates, oslots which are repeated in a series or pattern, may be

they may be labelled as X, Y, and occasionally Z (see Fig- specified by giving the required number of features and an

ure A-34). “X,” followed by the size dimension of the feature. A
space is used between the “X” and the dimension (see

Al1.2.3 Tabular Dimensioning Tabular dimensioning isa  Figure A-36).

type of rectangular coordinate dimensioning in which

dimensions from mutually perpendicular planes are listed A1.2.5.2 Equal Spacing of Features Equal spacing of

in a table on the drawing rather than on the pictorial delin- features in a series or pattern may be specified by giving

eation. This method is used on drawings that require the the required number of spaces and an “X,” followed by the

LT —V

| 1.14 - 1.40
[0.045 - 0.055]

1€ 0.25[0.010] © | A;D (S|

Tolerance applied to E
this feature must

correlate with the
tolerance applied to

the conductor pattern
location

IPC-2615-a-32

Figure A-32 Edge Card Connector
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Figure A-33 Rectangular Coordinate Dimension
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Figure A-35 Polar Coordinate Dimensions

Figure A-34 Rectangular Coordinate Dimensions Without Dimension Lines

applicable dimension. A space is used between the “X”
and the dimension (see Figure A-37). Where it is difficult
to distinguish between the dimension and the number of
spaces, one space is dimensioned and identified as refer-
ence.

Al1l.2.6 Use of “X” to Indicate “BY” “X”may be used to
indicate “BY” between coordinate dimensions. In such
cases, the “X” shall be preceded and followed by one
character space.
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Figure A-36 Repetitive Features and Dimensions
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IPC-2615-a-37

Figure A-37 Equal Spacing of Feature
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Appendix B: GENERAL TOLERANCING AND RELATED PRINCIPLES

B1 General This Section establishes practices for
expressing tolerances on linear and angular dimensions 225 .
applicability for material condition modifiers, and interpre- N ‘

tations governing limits and tolerances.

B1.2 Application of Tolerances Tolerances may be

expressed as follows:
rect imi ed d AN

a) as direct limits or as tolerance values applied directly to
a dimension;

b) as a geometric tolerance,
¢) in a note referring to specific dimensions;

d) as specified in other documents referenced on the draw- 1
ing for specific features or processes;

e) in a general tolerance block referring to all dimensions
on a drawing for which tolerances are not otherwise P 075-76
specified; see ANSI Y14.1.

B1.2.1 Tolerances on Feature Location Tolerances on
dimensions that locate features of size may be applied
directly to the locating dimensions or specified by the posi-
tional tolerancing method described in (Section 5).

B1.2.2 Angular Tolerances Within General Tolerance /
Notes Unless otherwise specified, where a general toler- ;g gg ‘l‘g
ance note on the drawing includes angular tolerances, it

applies to features shown at specified angles and at
implied 90°angles.

B1.3 Direct Tolerancing Methods Limits and directly /(\
applied tolerance values are specified as follows. 25.2°

L . . . . . . 251
a) Limit Dimensioning. The high limit (maximum value)

is placed above the low limit (minimum value). When
expressed in a single line, the low limit precedes the
high limit and a dash separates the two values (see Fig-Figure B-1  Limit Dimensions

IPC-2615-b-01

ure B-1). EXAMPLE:
b) Plus and Minus Tolerancing. The dimension is given
first and is followed by a plus and minus expression of 0 +0.02
tolerance (see Figure B-2). 32 or 32
-0.02 0

B1.4 Tolerance Expression The conventions pertaining D) Where bilateral tolerancing is used, both the plus and
to the number of decimal places carried in the tolerance ~ Minus values have the same number of decimal places,

shown in the following paragraphs shall be observed. using zeros where necessary.
EXAMPLE:
B1.4.1 Millimeter Tolerances Where millimeter dimen-
sions are used on the drawings, the following applies. +0.25 +0.25
a) Where unilateral tolerancing is used and either the plus 32 not
or minus value is nil, a single zero is shown without a -0.10 0.1

plus or minus sign.
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(a) Unilateral tolerancing

le—— 22 + 0.2 4—‘
+0.1

-0.2
25°15' + 0°5'
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(b) Bilateral tolerancing
IPC-2615-b-02

Figure B-2 Plus or Minus Tolerances

¢) Where limit dimensioning is used and either the maxi-
mum or minimum value has digits following a decimal
point, the other value has zeros added for uniformity.

EXAMPLE:

25.45 25.45
not
25.00 25

B1.4.2 Inch Tolerances Where inch dimensions are used

on the drawing, both limit dimensions or the plus and

minus tolerance and its dimension shall be expressed with

the same number of decimal places.

EXAMPLES:

.750 75
not

748 748

B1.5 Interpretation of Limits

B1.5.1 Acceptability When Limiting Values Are Speci-
fied Specified limiting values of 63.5 mm [2.5 in.] maxi-
mum, 63.50 mm [2.50 in.] maximum, 63.500 mm [2.500

in.] maximum are taken to mean that, for the purposes of
determining conformance to this specification, an observed
value shall be rounded off to the nearest .1 mm [0.1 in.],
0.01 mm [0.01 in] and .001 mm [0.001 in], respectively,
and then compared to the specified limiting value. (See
ASTM E29-67).

B1.5.2 Rounding Convention When measurements are
made to greater precision than is required by this specifica-
tion, it becomes necessary to round results in order to
determine conformance. The following rounding conven-
tion shall be used (See ANSI Z25.1 - 1940):

B1.5.2.1 Rules for Not Changing Last Place Figure The
figure in the last place to be retained shall be kept
unchanged when the figure in the next place

- is less than 5; or
- is 5 followed by no other figures or only by zeroes and
the next figure in the next place is even.

B1.5.2.2 Rules for Increasing by One the Last Place Fig-
ure The figure in the last place to be retained shall be
increased by 1 when the figure in the next place

- is less than 5; or

- is followed by no other figure or only by zeroes, and the
figure in the last place to be retained is odd; or

- is 5 followed by any figure or figures other than zero.

B1.5.2.3 Rounding the Last Figure The final rounded
figure shall be obtained from the most precise value avail-
able and not from a series of successive roundings.

B1.6 Dimensions for Plated or Coated Printed Boards

When the printed board is to be plated or coated, the draw-
ing or referenced document shall specify whether the
dimensions are before or after plating. Typical examples of
notes are the following:

a) DIMENSIONAL LIMITS APPLY AFTER PLATING.

b) DIMENSIONAL LIMITS APPLY BEFORE PLAT-
ING.

c) (For coatings other than plating, substitute the appropri-
ate term.)

B1.7 Single Limits MIN or MAX is placed after a
dimension where other elements of the design definitely
determine the other unspecified limit. Features such as
depth of holes, corner radii, chamfers, etc., may be limited
in this way. Single limits are used where the intent will be
clear, and the unspecified limit can be zero or approach
infinity and will not result in a condition detrimental to the
design.
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Appendix C: DIMENSIONING FOR COMPUTER-AIDED
DESIGN AND MANUFACTURING

C1l General. Industry Acceptance of CAD and CAM b) The second plane is horizontal and perpendicular to the
General. Industry acceptance of Computer-Aided Design  first. It is the plane from which coordinate distances are
(CAD) and Computer-Aided Manufacturing (CAM) sys- specified in the Y direction.

accelerating. Collectively, these highly sophisticated sys-  gther two. It is the plane from which coordinate dis-
tems can be used to describe the desired part as a geomet- ances are specified in the X direction.

ric model, interactively interject manufacturing data, and

deliver this information to a designated machine tool for C4 Reference Axes For CAM, three mutually perpen-
execution of the finished part. Although computer-aided dicular axes are established along which linear and rotary
systems continue to require dimensions and tolerances formotions occur in the machine tool used for producing the
printed board definition, in many cases the dimensioning is desired printed board. Generally, these axes are designated
accomplished by means of algorithms which emulate 25 the basic coordinate axes of the equipment. Additional
manual dimensioning practices. In view of the changing (Sécondary) axes may also be designated, depending on
state-of-the-art, it is important that the designer understandMachine capability and printed board configuration. The
where certain practices can be employed for expressingPasic axes, when viewed from above, or the top/primary
dimensional requirements most effectively. The purpose of Side. are oriented in accordance with the following.

this Appendix is to contribute to that understanding by first a) The first axis is horizontal in the plane of projection. It
iterating the standard coordinate system and then providing is the X axis of motion.

guidelines applicable to the CAD/CAM (data base) mode ) The second axis is vertical in the plane of projection
as well as the manual (conventional drawing) mode. This  and perpendicular to the X axis. It is the Y axis of
information will assist the designer in developing dimen- motion.

sioning and tolerancing practices common to these modes.c) The third axis is perpendicular to the plane of projec-

tion and perpendicular to the X and Y axes. It is the Z

C2 Coordinate System The coordinate system is the : i
axis of motion.

same for both the geometric model created by CAD and
the graphic definition found on conventional drawings. It is
the standard system of rectangular or Cartesian coordinate$ v
wherein a point is located by its distance from each of two
or three mutually perpendicular intersecting planes. Two-
dimensional coordinates (in X and Y directions) locate QUAD. II QUAD. |
points on a plane, while three-dimensional coordinates (in
X, Y, and Z directions) locate points in space. Once a geo-
metric model is defined, it is the basis for interactive pro-
gramming of commands for the machine tool to execute X X
the required relative motion between cutting tool and work-
piece. For CAM usage, dimensional coordinates translate
into point locations relative to coordinate axes since linear X value = - X value =+
and rotary motion is involved. Y value=- Y value=-

X value =-— X value=+
Y value=+ Y value=+

QUAD. il QUAD. IV

C3 Reference Planes For CAD, three mutually perpen-

dicular planes are established from which a geometric
model of the desired printed board can be constructed.
These planes normally coincide with the exterior outline of Figure C-1  Mathematical Quadrants

printed boards having surfaces at right angles. Where thecg pathematical Quadrants The intersection of the X
printed board is circular, two of these planes intersect along axis and Y axis forms quadrants described in Figure C-1.
the axis_ of the cylinder and th_e third is p_erpendic_ular o it. These axes are normally aligned or coincident with appro-
When viewed from above, as in the top view of Figure C-l, priate surfaces or features on the desired printed board.
these planes are oriented in accordance with the following. when programming commands for the machine tool, the
a) The first plane lies in the plane of projection. It is the workpiece should be positioned in a quadrant in such a
plane from which coordinate distances are specified-in way that a maximum of positive values will result. For
the Z direction. example, if the workpiece is positioned in Quadrant 1,

IPC-2615-c-01
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positive values will result. If the workpiece is positioned in b) Plated-Through Hole PatternsThe plated-through

two or more quadrants, positive and negative values will
result, and the potential for error is greater. This precaution
is generally not necessary when programming on the com-
puter, but helpful when programming without computer
assistance. The considerations described above also apply
to quadrants formed by intersections of the X-Z and Y-Z

axes.

C6 Dimensioning and Tolerancing

C6.1 Locating and Tolerancing of Patterns Produced in
A Common Fabrication Operation To maximize produc-

ibility, a good practice is to separately locate and tolerance
as patterns those features that are produced in the same
fabrication operations. Applicable patterns are as follows:

a) Unplated-Through Hole PatternsTwo or more of
these holes are typically used as datum features.

hole pattern is generally the first drilling operation and

as such is the first operation to define the printed board.
The holes are typically located on a basic grid. The
hole location tolerance is specified either on the hole
list, by drawing note, or in a separate specification. The
basic grid must be located in relation to the datum ref-
erence frame.

Conductor Pattern The conductor pattern does not
need a separate datum reference frame provided a mini-
mum annular ring is specified. The fabrication allow-
ance in essence becomes the location tolerance for the
conductor pattern. Fiducials may also be used to locate
the conductor pattern. The centerlines of two orthogo-
nal conductors may also be used to locate the conduc-
tor pattern (see Figure C-2).

PLATED THRU HOLE
GRID ORIGIN
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YYY [ ]
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i AN
| Bloos @ 7]
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NOTE: ALL DIMENTIONS ARE BASIC UNLESS OTHERWISE SPECIFIED.

IPC-2615-c-02

Figure C-2 Locating A Circuit Pattern Using Fiducials Relative to Plated-Through Holes
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d)

Printed Board Profile The printed board profile,
including cutouts and slots, require a minimum of one
datum reference to the primary datum. The use of three
datum references maximizes producibility and allows
use of hard tool gauging.

9)

Solder Resist CoatingsThe solder resist coating may h)
be located by specifying a minimum land clearance or
targets may be provided which serve the same function
as fiducials do for the conductor pattern. A minimum
land clearance serves the same function as a minimum
annular ring requirement in that it tolerances the solder-
mask pattern location with respect to the conductor pat-
tern.

[
C6.2 Recommended Guidelines for Dimensioning and )
Tolerancing PCBs Recommended guidelines for dimen-
sioning and tolerancing practices for use in defining printed
board for the CAD/CAM mode are as follows. )

a)

b)

<)

d)

f)

Major features of a printed board are used to establish
the basic coordinate system for initial printed board

definition. These features may or may not be subse-
quently identified as datum features.

For final printed board definition, any number of sub-
coordinate systems may be used to locate and orient
features of a printed board. These systems, however,))
must be geometrically related to the basic coordinate
system of the given printed board.

Define printed board features in relation to three mutu-

ally perpendicular reference planes. Establish these
planes along features that parallel the axes and motions
of CAM equipment, wherever possible.

k)

n)
The assignment of datum features is based primarily on
the functional requirements of the printed board.

Dimension the printed board so that its geometric shape
is completely defined and mathematically precise.

Regular geometric profiles such as ellipses, parabolas,
hyperbolas, etc., may be defined on the drawing by 0)
mathematical formulas. CAM equipment can be pro-
grammed to generate these profiles by linear interpola-
tion, that is, a series of short straight lines whose end
points are spaced close enough to approximate the
desired profile within the specified profile tolerance.

A printed board surface whose profile is defined on the
drawing by a mathematical formula should not be coor-
dinately dimensioned unless specific dimensions are
required for inspection or identified as reference infor-
mation.

For arbitrary profiles, the drawing should specify

appropriate points on the profile by coordinate dimen-
sions. or provide a table of coordinates. When deter-
mining the number of points needed to define the pro-
file. keep in mind that the tighter the tolerance or the
smaller the radius of curvature, the closer together the
points should be. Terms such as “blend smoothly” and

“faired curve” are not specified.

Profiles may also be defined by other coordinate sys-
tems, such as polar or cylindrical, as applicable. How-

ever, it is desirable to use the same coordinate system
on a given drawing.

Any change in profile (points of inflection or tangency)
should be clearly defined, with prime consideration
given to design intent. Precise continuity of the profile
is necessary for CAD.

A circular pattern of holes may be defined by polar
coordinate dimensions. Location and orientation of the
pattern must be clearly shown.

Where possible, express angular dimensions in degrees
and decimal parts of a degree.

m) Where plus and minus tolerancing is used, the tolerance

should be bilateral and not unilateral. Equal plus and
minus values are preferred. Positional tolerancing is
recommended for locating features of size.

Geometric tolerances are specified in all cases where
the control of specific geometric characteristics of
printed board features is required. Where applicable,
identifying datum features on the drawing and referenc-
ing them in an order of precedence will clearly indicate
their usage for CAM.

Tolerances should be specified on the basis of actual
design requirements. The accuracy capability of CAM
equipment is not a basis for specifying more restrictive
tolerances than are functionally required.
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Technical Questions
The IPC staff will research your technical question and attempt to find an appropriate specification
interpretation or technical response. Please send your technical query to the technical department via:

tel 847/509-9700 fax 847/509-9798
Wwww.ipc.org e-mail: answers@ipc.org

IPC World Wide Web Page www.ipc.org
Our home page provides access to information about upcoming events, publications and videos, membership, and
industry activities and services. Visit soon and often.

IPC Technical Forums

IPC technical forums are opportunities to network on the Internet. It’s the best way to get the help you need today!
Over 2,500 people are already taking advantage of the excellent peer networking available through e-mail forums
provided by IPC. Members use them to get timely, relevant answers to their technical questions.

TechNet@ipc.org

TechNet forum is for discussion of technical help, comments or questions on IPC specifications, or other
technical inquiries. IPC also uses TechNet to announce meetings, important technical issues, surveys, etc.

ChipNet@ipc.org

ChipNet forum is for discussion of flip chip and related chip scale semiconductor packaging technologies. It is
cosponsored by the National Electronics Manufacturing Initiative (NEMI).

ComplianceNet@ipc.org

ComplianceNet forum covers environmental, safety and related regulations or issues.

DesignerCouncil@ipc.org

Designers Council forum covers information on upcoming IPC Designers Council activities as well as information,
comment, and feedback on current design issues, local chapter meetings, new chapters forming,
and other design topics.

Roadmap®@ipc.org
The IPC Roadmap forum is the communication vehicle used by members of the Technical Working Groups (TWGs)
who develop the IPC National Technology Roadmap for Electronic Interconnections.

LeadFree@ipc.org
This forum acts as a peer interaction resource for staying on top of lead elimination activities worldwide and within
IPC.

ADMINISTERING YOUR SUBSCRIPTION STATUS:

All commands (such as subscribe and signoff) must be sent to listserv@ipc.org. Please DO NOT send any command to
the mail list address, (i.e.<mail list> @ipc.org), as it would be distributed to all the subscribers.

Example for subscribing: Example for signing off:

To: LISTSERV@IPC.ORG To: LISTSERV@IPC.ORG

Subject: Subject:

Message: subscribe TechNet Joseph H. Smith Message: sign off DesignerCouncil
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Please note you must send messages to the mail list address ONLY from the e-mail address to which you want

to apply changes. In other words, if you want to sign off the mail list, you must send the signoff command from the
address that you want removed from the mail list. Many participants find it helpful to signoff a list when travelling or
on vacation and to resubscribe when back in the office.

How to post to a forum:

To send a message to all the people currently subscribed to the list, just send to <mail list>@ipc.org. Please note, use the
mail list address that you want to reach in place of the <mail list> string in the above instructions.

Example:

To: TechNet@IPC.ORG
Subject: <your subject>
Message: <your message>

The associated e-mail message text will be distributed to everyone on the list, including the sender. Further information
on how to access previous messages sent to the forums will be provided upon subscribing.

For more information, contact Hugo Scaramuzza
tel 847/790-5312 fax 847/509-9798
e-mail: scarhu@ipc.org www.ipc.org/html/forum.htm
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Education and Training

IPC conducts local educational workshops and national conferences to help you better understand emerging
technologies. National conferences have covered Ball Grid Array and Flip Chip/Chip Scale Packaging. Some workshop
topics include:

Printed Wiring Board Fundamentals High Speed Design
Troubleshooting the PWB Manufacturing Process Design for Manufacturability
Choosing the Right Base Material Laminate Design for Assembly

Acceptability of Printed Boards Designers Certification Preparation
New Design Standards

IPC-A-610 Training and Certification Program

“The Acceptability of Electronic Assemblies” (ANSI/IPC-A-610) is the most widely used specification for the PWB
assembly industry. An industry consensus Training and Certification program based on the IPC-A-610 is available to
your company.

For more information on programs, contact John Riley

tel 847/790-5308 fax 847/509-9798

e-mail: rilejo@ipc.org www.ipc.org

IPC Video Tapes and CD-ROMs

IPC video tapes and CD-ROMs can increase your industry know-how and on the job effectiveness.
For more information on IPC Video/CD Training, contact Mark Pritchard

tel 505/758-7937 ext. 202 fax 505/758-7938

e-mail: markp@ipcvideo.com www.ipc.org

www.ipc.org

IPC Printed Circuits Expo*"
IPC Printed Circuits Expo is the largest trade exhibition in North America devoted to the PWB industry. Over 90
technical presentations make up this superior technical conference.

§/§ PRINTE, April 4-6, 2000 April 3-5, 2001 March 26-28, 2002

CIRL'UITS San Diego, California Anaheim, California Long Beach, California
EXPO

Exhibitor information: Registration information:

Contact: Jeff Naccarato tel 847/790-5361

tel 630/434-7779 fax 847/509-9798

e-mail: registration@ipc.org
www.ipcprintedcircuitexpo.org

APEX®" / IPC SMEMA Council

Electronics Assembly Process Exhibition & Conference
APEX is the premier technical conference and exhibition dedicated entirely to the PWB assembly industry.

presents -

. March 14-16, 2000 January 16-18, 2001 Spring 2002
ﬁggy?( Long Beach, California  San Diego, California TBA
exhibition

conference

Exhibitor information: Registration information:
Contact: Mary MacKinnon APEX Hotline: tel 877/472-4724
tel 847/790-5386 fax 847/790-5361

e-mail: apex2000@ipc.org
www.apex2000.org

How to Get Involved

The first step is to join IPC. An application for membership can be found in the back of this publication. Once you
become a member, the opportunities to enhance your competitiveness are vast. Join a technical committee and learn
from our industry’s best while you help develop the standards for our industry. Participate in market research programs
which forecast the future of our industry. Participate in Capitol Hill Day and lobby your Congressmen and Senators for
better industry support. Pick from a wide variety of educational opportunities: workshops, tutorials, and conferences.
More up-to-date details on IPC opportunities can be found on our web page: www.ipc.org.

For information on how to get involved, contact:

Jeanette Ferdman, Membership Manager

tel 847/790-5309 fax 847/509-9798

e-mail: JeanetteFerdman@ipc.org www.ipc.org
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Thank you for your decision to join IPC. IPC Membership is site specific, which
means that IPC member benefits are available to all individuals employed at the
site designated on the other side of this application.

To help IPC serve your member site in the most efficient manner possible, please

PLEASE CHECK

APPROPRIATE
tell us what your facility does by choosing the most appropriate member category.

CATEGORY

. Our facility manufactures and sells to other companies, printed wiring boards or other electronic

INDEPENDENT interconnection products on the merchant market.

PRINTED

BoARD WHAT PRODUCTS DO YOU

MANUFACTURERS MAKE FOR SALE?

O One-sided and two-sided rigid O Flexible printed boards O Discrete wiring devices
printed boards O Flat cable 0O Other interconnections
O Multilayer printed boards O Hybrid circuits

Name of Chief Executive
Officer/President

Our facility assembles printed wiring boards on a contract basis and/or offers other electronic

u interconnection products for sale.

INDEPENDENT

PRINTED BoarRD O Turnkey O Through-hole O Consignment
ASSEMBLERS o SMT O Mixed Technology O BGA
EMSI O Chip Scale Technology

COMPANIES

Name of Chief Executive
Officer/President

u Our facility purchases, uses and/or manufactures printed wiring boards or other electronic interconnection
OEM - products for our own use in afinal product. Also known as original equipment manufacturers (OEM).
MANUFACTURERS

OF ANY END IS YOUR INTEREST IN:

PRODUCT USING O purchasing/manufacture of printed circuit boards

PCB/PCAs o purchasing/manufacturing printed circuit assemblies

OR CAPTIVE

MANUFACTURERS

What is your company’s main product line?
oF PCBs/PCAs

" Our facility supplies raw materials, machinery, equipment or services used in the manufacture or
INDUSTRY assembly of electronic interconnection products.

SUPPLIERS What products do you supply?

- We are representatives of a government agency, university, college, technical institute who are directly

concerned with design, research, and utilization of electronic interconnection devices. (Must be a non-
GOVERNMENT  profit or not-for-profit organization.)
AGENCIES/

ACADEMIC
TECHNICAL
LIAISONS

Please be sure to complete both pages of application.
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for Membership

Company Name

Street Address
City State Zip Country
Main Phone No. Fax

Primary Contact Name

Title Mail Stop

Phone Fax e-mail

Senior Management Contact

Title Mail Stop

Phone Fax e-mall

Please check one:

[l $1,000.00 Annual dues for Primary Site Membership (Twelve months of IPC membership begins
from the time the application and payment are received)

O $800.00 Annual dues for Additional Facility Membership: Additional membership for a site within
an organization where another site is considered to be the primary IPC member.

O $600.00** Annual dues for an independent PCB/PWA fabricator or independent EMSI provider with
annual sales of less than $1,000,000.00. **Please provide proof of annual sales.

O $250.00 Annual dues for Government Agency/University/not-for-profit organization

TMRC Membership [] Please send me information on Membership in the Technology Marketing
Research Council (TMRC)

AMRC Membership [ Please send me information for Membership in the Assembly Marketing
Research Council (AMRC)

Payment Information

Enclosed is our check for $

Please bill my credit card: (circle one) MC AMEX VISA DINERS

Card No. Exp date

Authorized Signature

Mail application with Fax/Mail application with L 1
check or money order to: credit card payment to:

IPC IPC

Dept. 851-0117W 2215 Sanders Road

PLEASE ATTACH BUSINESS CARD
OF OFFICIAL REPRESENTATIVE HERE

P.O. Box 94020 Northbrook, IL 60062-6135
Palatine, IL 60094-4020 Tel: 847 509.9700
Fax: 847 509.9798
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Standard Improvement Form IPC-2615
The purpose of this form is to provide the Individuals or companies are invited to If you can provide input, please complete
Technical Committee of IPC with input submit comments to IPC. All comments  this form and return to:

from the industry regarding usage of will be collected and dispersed to the IPC

2215 Sanders Road
Northbrook, IL 60062-6135
Fax 847 509.9798
answers@ipc.org

the subject standard. appropriate committee(s).

1. | recommend changes to the following:
___Requirement, paragraph number
___Test Method number____, paragraph number

The referenced paragraph number has proven to be:
___Unclear _Too Rigid ___In Error
___ Other

2. Recommendations for correction:

3. Other suggestions for document improvement:

Submitted by:

Name Telephone
Company E-mail
Address

City/State/Zip Date
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