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1.0 SCOPE

This standard establishes requirements and other consi
ations for the documentation of printed boards and print
board assemblies.

1.1 Purpose The purpose of this standard is to establis
the general requirements for the preparation of drawin
necessary to fully describe end product printed boar
printed board assemblies and related support drawin
Special emphasis is given to the technical requireme
necessary to fully describe the fabrication and assembly
various types of printed boards. Regardless of mater
construction, layer count, special fabrication requiremen
or end product usage, the documentation package m
include, but not be limited to the following:

• Master Drawing Requirements

• Specifications

• Board Definition

• Artwork/Phototooling

• Soldermask Requirements

• Master Pattern Drawing

• Production Master

• Assembly Drawing and Parts List

• Electrical Test Requirements

• Final Schematic/Logic Diagram

• Related Support Drawings

• Artwork Plot Data

• Excellon Drill Data

Refer to IPC-D-275, ‘‘Design Standard for Rigid Printe
Boards and Rigid Printed Board Assemblies,’’ regarding
subjects pertaining directly to design.

This standard may be used for both commercial and m
tary applications. Printed boards and printed board asse
blies intended for military usageshall be fabricated and/or
assembled by a manufacturer that has been qualified to
appropriate military specification, unless otherwise agre
to contractually.

Documentation intended for military electronic equipme
shall be so noted.

1.1.1 Organization of Information This standard is orga-
nized into various sections in order to provide informatio
for the documentation of rigid printed boards and printe
board assemblies.
details: IPC D-325A-1995
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The major sections and their specific emphasis are:

Section 1 − Scope, Purpose and Classification

Section 2 − Applicable Documents

Section 3 − Documentation Requirements

Section 4 − Documentation Package

Section 5 − Sample Figures and Examples

Section 6 − Master Drawing Notes and Check List

Section 7 − Design Outputs

Section 8 − Printed Board Assembly Drawings
(Including Figures & Examples)

Section 9 − Printed Board Support Drawings

Section 10− Schematic / Logic Diagrams

1.2 Classification This standard recognizes that rigid
printed boards and printed board assemblies are subjec
classifications by intended end item use. Classification
producibility is related to complexity of the design and th
precision required to produce the particular printed boa
or printed board assembly.

Any producibility level or producibility design characteris
tic may be applied to any end-product equipment catego
Therefore, a high-reliability product designated as cla
‘‘3’’ (see 1.2.2), could require level ‘‘A’’ design complexity
(preferred producibility) for many of the attributes of the
printed board or printed board assembly (see 1.2.3).

1.2.1 Board Types This standard provides design infor
mation for different board types. Board types are classifie

Type 1 − Single-Sided Printed Board

Type 2 − Double-Sided Printed Board

Type 3 − Multilayer Board without Blind or
Buried Vias

Type 4 − Multilayer Board with Blind and/or
Buried Vias

Type 5 − Multilayer Metal-Core Board without
Blind or Buried Vias

Type 6 − Multilayer Metal-Core Board with Blind
and/or Buried Vias

1.2.2 Performance Classes Three general end-product
classes have been established to reflect progress
increases in sophistication, functional performance requi
ments and testing/inspection frequency. It should be reco
nized that there may be an overlap of equipment betwe
classes.
1
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Full do
The printed board user is responsible for determining t
class in which his board product belongs.

Class 1 — General Electronic Products

Includes consumer products, some computer and comp
peripherals, as well as general military hardware suita
for applications where cosmetic imperfections are n
important and the major requirement is function of th
completed printed board or printed board assembly.

Class 2 — Dedicated Service Electronic Products

Includes communications equipment, sophisticated bu
ness machines, instruments and military equipment wh
high performance and extended life is required, and
which uninterrupted service is desired but is not critica
Certain cosmetic imperfections are allowed.

Class 3 — High Reliability Electronic Products

Includes the equipment for commercial and military pro
ucts where continued performance or performance
demand is critical. Equipment downtime cannot be tole
ated, and must function when required such as for life su
port items, or critical weapons systems. Printed boards a
printed board assemblies in this class are suitable for ap
cations where high levels of assurance are required
service is essential.

1.2.3 Producibility Level When appropriate, this stan
dard will provide three levels of design complexity: Leve
A, B, and C. Included are special features, tolerances, m
surements, assembly, testing of completion, and verifi
tion of the manufacturing process. Higher levels of desi
complexity often result in a reduction of the productibilit
level and, therefore, increased fabrication costs. These
els are:

Level A — General Design Complexity-Preferred

Level B — Moderate Design Complexity-Standard

Level C — High Design Complexity-Reduced
Producibility

The producibility levels are not to be interpreted as
design requirement, but a method of communicating t
degree of difficulty of a feature between design an
fabrication/assembly facilities. The use of one level for
specific feature does not mean that other features mus
of the same level. Selection should always be based on
minimum need, while recognizing that the precision, pe
formance, conductive pattern density, assembly and tes
requirements determine the design producibility level. T
numbers listed within the numerous tables are to be used
a guide in determining what the level of producibility wil
be for any feature. The specific requirement for any featu
that must be controlled on the end itemshall be specified
on the master drawing of the printed board or the print
board assembly drawing.
2
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1.2.4 Documentation Classification This standard pro-
vides three classes for documentation requirements
reflect progressive increases in sophistication of the dra
ing package. The three classes of documentation are:

Class A — Minimal Documentation

Class B — Moderate Documentation

Class C — Full Documentation

Selection of class should be based on the minimum ne
recognizing that less sophisticated classes require m
coordination and communication between user and vend
Requirements for documentationshall be specified in the
contract order used to procure documentation, equipm
or both.

Note: Classification of documentation requiremen
should not be confused with the classification of end ite
use, as referenced in other IPC standards and specificat
which refer to: Class 1) consumer products; Class 2) ge
eral industrial; and Class 3) high reliability equipment. Th
need to apply documentation practices to a particular cla
of equipment should depend on the complexity of the inte
face required to produce the printed board; therefore, a
documentation class may be applied to any of the e
product equipment categories (classes) as requir
examples: Class 2B would be industrial equipment su
ported by moderate documentation.

There are three classes of documentation requireme
These requirements reflect the differences in sophisticat
and completeness of the documentation packages. T
three classes are defined as follows:

Class A — Minimal Documentation
This class of documentation is identified as minimal an
consists of layout and artwork only. Class A documentati
is usually used for internal use and requires a good dea
coordination between the user and manufacturer of t
board. Information may be incomplete in some instanc
and relies heavily on in-house agreed to manufacturi
processes, such as standard material, standard plating
cesses, standard tolerances, etc.

Documentation is suitable for the application, where th
only requirement is that the manufacturer can produce
functional product from information supplied. It may
include, as a minimum, the designer’s layout or check p
containing manufacturing notes/instructions and sing
image artwork master.

Class B — Moderate Documentation
Class B documentation package consists of complete bo
definition, without any description of the manufacturin
allowances that have been incorporated into the desi
Contractual drawing requirements may apply. Quality co
formance coupons may be defined by the design; th
position in relationship to the board or the manufacture
panel is optional.
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Full docum
The Class B documentation package requires sufficie
clarity such that the information may be reviewed by
board manufacturer, in order to establish product produ
ibility using the artwork or other tooling supplied. Sinc
Class B documentation is manufacturer sensitive, respo
bility for various aspects of the manufacturing cycleshall
be agreed to between user and fabricator.

Class B documentation is specifically prepared to conv
maximum information to the manufacturer and includes:
master drawing, all manufacturing notes and a single
multiple image artwork master. Performance specificatio
may be referenced, and contractual drawing requireme
may be applied.

Class C — Full Documentation
Class C is a fully documented procurement package. Do
mentation is to the extent that the information is se
sufficient and may be sent to multiple vendors, with ea
producing the identical product. This documentation pac
age requires that the full manufacturing allowances are d
closed and documented. Quality conformance coupons
mandatory, as required by the design, with the locati
illustrated on the master drawing and artwork establishi
the relationship between coupons and the board.

Class C documentation includes a formal master draw
and may include a single/multiple image production ma
ter, magnetic tape, NC instructions, reference to mate
requirements, dielectric constant, glass style resin conte
etc.; electrical test data, performance testing and samp
plan call outs. In addition, contractual drawing require
ments may apply.

1.3 Interpretation ‘‘shall’’ the emphatic form of the
verb, is used throughout this standard whenever a requ
ment is intended to express a provision that is mandato
Deviation from a‘‘shall’’ requirement may be considere
if sufficient data is supplied to justify the exception.

The words ‘‘should’’ and ‘‘may’’ are used whenever it is
necessary to express nonmandatory provisions.

‘‘Will’’ is used to express a declaration of purpose.

To assist the reader, the word‘‘shall’’ is presented in bold
characters.

1.4 Documentation Media Two methods for developing
documentation are defined in this standard.

The media are:

• Hard Copy Method

• Automated Data Method

1.4.1 Hard Copy Documentation Hard copy documenta-
tion may make reference to automated data for defini
conductor routing paths, or hole location data. Referenc
ent details: IPC D-325A-1995
t
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shall be by note indicating the number assigned and ty
of storage media containing the data.

1.4.2 Automated Data Automated data may make refer
ence to material, performance or testing requirements t
exist in hard copy format. Referencesshall be contained in
the automated data comment records. Automated data
be used to produce hard copy master drawings; howe
all automated data must be complete and in user proce
able format.

The storage mediashall contain a label describing the
exact format, files and revisions contained within the ta
or diskette. This will allow the user to immediately proce
all data without confusion and delay.

When automated data is requested, the media (or electr
transfer)shall be agreed to between user and vendor.

The preferred method for generation of CAD data is IP
D-35X series. Refer to IPC-D-350: This standard specifi
record formats used to describe printed board products w
detail sufficient for tooling, manufacturing, and testin
requirements. The records are also useful when the ma
facturing cycle includes computer aided processes a
numerically controlled machines.

Other formats however, i.e., Gerber plot data, Excell
N.C. drill, profile data, or test data may be requested. Re
to 4.3.4.

1.5 Artwork − Generation Most printed boards are now
designed using a CAD (Computer Aided Design) Syste
with the ultimate objective being to generate precision a
work. This is accomplished by producing plot files whic
are used to drive a precision photo-plotter. The precis
photo plotter is used to create the precision plotted artwo
(dimensionally stable films). The plotted films may be us
for the following purposes:

• Production master (used to fabricate boards). T
material may be either film or glass plates, a
required.

• Master pattern drawing, part of the drawing packa
and usually a reproduction of the original artwor
(see options #1 and #2, described in 4.2.3).

1.6 Presentation All dimensions and tolerances in this
standard are expressed in metric units with millimete
being the main form of dimensional expression. Inch
may be shown in brackets as appropriate and are
always a direct conversion depending on the round-off co
cept or the required precision. Users are cautioned
employ a single dimensioning system, and not interm
millimeters and inches. Reference information is shown
parentheses ( ). Dimensioning should be in accordan
with IPC-D-300.
3
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1.7 Conflict − Military Application In the event of any
conflict, the following order or precedenceshall prevail:

1. The procurement contract.

2. The approved master drawing or assembly drawi
(supplemented by an approved deviation list,
applicable).

3. This standard.

4. Other applicable documents.

1.8 Order of Precedence In the event of any conflict in
the development of new designs, the following order
precedenceshall prevail:

1. The procurement contract.

2. An approved master drawing or assembly drawi
(supplemented by an approved deviation list,
applicable).

3. This standard.

4. Other applicable documents.

2.0 APPLICABLE DOCUMENTS

The following documents form a part of this standard
the extent specified herein. The revision of the documen
effect at the time of solicitationshall take precedence.

2.1 Institute for Interconnecting and Packaging Elec-
tronic Circuits1

IPC-A-22 UL Recognition Test Coupon

IPC-T-50 Terms and Definitions for Interconnecting an
Packaging Electronic Circuits

IPC-D-275 Design Standard for Rigid Printed Boards an
Rigid Printed Board Assemblies

IPC-RB-276 Qualifications and Performance Specifica
tions for Rigid Printed Boards.

IPC-D-300 Printed Board Dimensions and Tolerances

IPC-D-310 Guidelines for Phototool Generation and Mea
surement Techniques

IPC-D-322 Guidelines for Selecting Printed Wiring Board
Sizes.

IPC-MC-324 Performance Specification for Metal Cor
Boards

IPC-D-350 Printed Board Description in Digital Form

IPC-D-351 Printed Board Drawings in Digital Form
1. Application for copies should be addressed to IPC, 2215 Sanders Road, Northb
2. Standardization Documents Order Desk, Building 4D, 700 Robbins Avenue, Phi

4

document details: IPC D-325A-1995
n

IPC-D-352 Electronic Design Data Description for Printed
Boards in Digital Form

IPC-D-354 Library Format Description for Printed Boards
in Digital Form

IPC-D-355 Printed Board Automated Assembly Descrip
tion in Digital Form

IPC-D-356 Bare Board Electrical Test Information in Digi-
tal Form

IPC-A-600 Acceptability of Printed Boards

IPC-A-610 Acceptability of Printed Board Assemblies

IPC-TM-650 Test Methods Manual

2.1.1 Microsectioning

2.4.22 Bow and Twist

2.6.8 Temperature Cycling, Printed Wiring Board

IPC-ET-652 Guidelines for Electrical Testing of Printed
Wiring Boards

IPC-SM-782 Surface Mount Design and Land Patter
Standard

IPC-SM-840 Qualification and Performance of Permane
Polymer Coating (Solder Mask) for Printed Boards

2.2 Department of Defense2

2.2.1 Military2

MIL-STD-12 Abbreviations for Use on Drawings

MIL-STD-100 Engineering Drawing Practices

MIL-STD-130 Ident Marking of U.S. Military Property

MIL-STD-1686 Electrostatic Discharge Control Program
for Protection of Electric Equipment

MIL-S-13949 Plastic Sheet, Laminated, Copper-Clad (fo
Printed Wiring)

MIL-I-43553 Epoxy Base Ink, Type II

MIL-G-45204 Gold Plating (Electrodeposited)

MIL-I-46058 Insulating Compound, Electrical (for Coating
Printed Circuit Assemblies)

MIL-HDBK-263 Electrostatic Discharge Control Handboo

2.2.2 Federal2

QQ-A-250 Aluminum and Aluminum Alloy Plate Sheet

QQ-N-290 Nickel Plating (Electrodeposited)
rook, IL 60062-6135
ladelphia, PA 19111-5094; (215) 697-2667.
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QQ-S-571 Solder; Tin Alloy; Lead-Tin Alloy; and Lead
Alloy

2.3 Other Documents

2.3.1 American Society for Testing Materials (ASTM)3

ASTM B-152 Copper Sheet, Strip Plate and Rolled Bar

2.3.2 Electronic Industries Association (EIA)4

JEDEC Publication 95 Registered and Standard Outline
for Solid State Products

2.3.3 Underwriters Laboratories (UL)5

UL 746E Standard Polymeric Materials, Materials Used
Printed Wiring Boards

UL 796 Printed Wiring Boards

2.3.4 American National Standards Institute (ANSI)6

ANSI-Y14.1 Drawing Sheet Size and Format

ANSI-Y14.5 Dimensioning and Tolerancing

ANSI-Y15 Electrical and Electronic Diagrams

ANSI-Y15A Interconnection Diagrams

ANSI-Y15B Supplement to ANSI Y14.15, 1966 and
ANSI Y14.15a, 1970

ANSI-Y32.1 Logic Diagram Standards

ANSI-Y32.10 Graphic Symbols for Power Diagrams

ANSI-Y32.2 Graphic Symbols for Electrical and Electroni
Diagrams

ANSI-Y32.16 Reference Designations

ANSI/IEEE STD.91 Graphic Symbols for Logic Functions

ANSI/IEEE STD.991 Logic Circuit Diagrams

J-STD-001 Requirements for Soldered Electrical and Ele
tronic Assemblies

3.0 REQUIREMENTS

Documentation prepared in accordance with this docum
shall meet or exceed all requirements as specified.

3.1 Terms and Definitions Definitions applicable to this
standardshall conform to IPC-T-50.

3.2 Drawing Sizes and Format The drawing sizes and
format used to prepare the master drawingshall be in
accordance with ANSI-Y14.1. Wherever possible, standa
3. American Society for Testing Materials, 1916 Race Street, Philadelphia, PA 191
4. Application for copies should be addressed to EIA, 2001 Pennsylvania Avenue,
5. Application for copies should be addressed to UL, 333 Pingston Avenue, North
6. Application for copies should be addressed to ANSI, 11 W. 42nd Street, 13th F

ent details: IPC D-325A-1995
t

d

drawing sizes A, B, C, or Dshall be used.

Drawing sizes E and F are not recommended. A preferen
is given to D size multiple sheet drawings.

When continuation sheets of the drawing are used for co
ductor pattern definition, they need not be prepared
standard drawing formats. Standard sheet sizesshall be
used, with a standard continuation sheet title block locat
in the lower right corner of each sheet.

3.3 Title Block The title blockshall contain the appro-
priate title of the document, the scale, the drawing numb
the cage code number of the facility preparing the mas
drawing, if applicable, plus the appropriate approval bloc
On continuation sheets without revision blocks, the tit
block shall contain provisions for recording the revision
(Figures 3-4 and 3-5).

3.4 Titles and Subtitles Titles and subtitlesshall always
be shown in uppercase letters. The names of items used
titles for drawingsshall be brief, descriptive and of uni-
form definition. Titles will be comprised of a basic noun o
noun phrase andshall include sufficient modifiers to differ-
entiate like items in the same major assembly.

3.5 Sign-off Column The sign-off column, often referred
to as the revision column, includes space for the followin
revision, description of change, date and approval (en
neer’s signature) and, as an option, a zone location of
change (Figure 3-6).

Whenever engineering drawings are revised utilizing
computer or CAD equipment, signatures may be enter
electronically and printed/plotted, provided that securi
measures are in place to safeguard signature entry; i.e.,
of unique passwords.

3.6 Multiple Sheets When a master drawing is created
using multiple sheets, the first sheet of the master drawi
shall contain the revision status block. The purpose of th
revision status block is to record the revision status of ea
sheet contained within the drawing. (See revision status
sheets, Figure 3-6.)

3.7 Master Drawing Number/Bare Board Part Number
The number assigned to the master drawing describing
printed board and the part number of the ‘‘Bare Board
shall be the same number.

3.8 Preliminary Release Quite often it becomes neces-
sary to release printed boards and associated docume
tion in a preliminary or prototype state. Since it is desirab
03.
N.W., Washington, D.C. 20006-18136).
brook, IL 60062.
loor, New York, NY 10036-8002.
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to maintain revision level control during this stage, eithe
of the following methods are suggested (Table 3-1).

Method #1 This method starts out with Proto Release
using Revision ‘‘+A’’ for the first release; Proto Release #
uses Revision ‘‘+B’’ for the second release; Proto Relea
#3 uses Revision ‘‘+C’’ for the third release, etc.

Method #2 This method is very similar to method numb
#1, except this method starts out with Proto Release
using Revision 1 for the first release; Proto Release #2 u
Revision 2 for the second release; Proto Release #3 u
Revision 3 for the third release, etc.

Either of the above methods will continue until such tim
that the board is released for production. At that time, a
revisions will either be removed or raised to revision da
(—), to signify the initial production release.

3.9 Initial Release Initial release of a drawing does no
constitute need for a revision letter and is given a dash (—
revision. The initial release is considered the first produ
tion release. A master drawing released at revision da
(—) indicates that the document has had no revisions. T
first production change for any released mastershall be
Revision ‘‘A’’, with subsequent and sequential letters bein
ste
s,
ee
ion

6
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used for additional revisions; i.e., Revision ‘‘B’’, Revision
‘‘C’’, etc., in accordance with Table 3-1 and Figure 3-6.

3.10 Master Drawing Revision Level/Bare Board Revi-
sion Level The revision level of the master drawing an
the revision level of the ‘‘Bare Board’’ (part)shall always
be the same revision. The ‘‘Bare Board’’shall be marked
with this revision. Items which become an integral part
the finished board (and illustrated in the following charts
i.e., silk screen artwork, solder mask artwork, solder pa
stencil artwork, metal core artwork, laminated heat sink
etc., also require revision level control. There are thr
generally accepted approaches to master drawing revis
level control. Any of the following three Options are
acceptable.

Table 3−1

Revision Sequence

Proto Release

Preliminary Revision

Method #1 Method #2

Proto Release #1 +A 1

Proto Release #2 +B 2

Proto Release #3 +C 3

Proto Release #4 +D 4

Initial Release — —

Production Changes

Engineering Change #1 A A

Engineering Change #2 B B

Engineering Change #3 C C

http://www.avadocuments.com/doc/ipc-d-325a-1995
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Figure 3−1 Artwork Configuration Control (Option I)
te
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Option I (Preferred) Illustrating same revision level for the
drawing, board and all artwork layers.

3.10.1 Master Drawing Revision Level − Option I
(Preferred) Whenever changes are made to the mas
drawing that does not affect tooling, form, fit or function o

the ‘‘Bare Board’’, the master drawing may have a numeri
cal suffix added to the revision (ex.: -1, A1, A2, A3, etc.),

-

nt details: IPC D-325A-1995
r

-

thus modifying the drawing revision without affecting th
‘‘Bare Board’’ revision status. This indicates that only
drawing change has been made. Option I requires t
whenever changes are made which do affect tooling, fo
fit, or function, all artwork revisions must be raised to th
next higher revision. Thus, all artwork revisions and t
master drawing revisionshall always be at the same revi
sion (Option I, Figure 3-1).
7

http://www.avadocuments.com/doc/ipc-d-325a-1995
http://www.avadocuments.com/doc/ipc-d-325a-1995


IPC-D-325A May 1995

Full d
Figure 3−2 Artwork Configuration Control (Option II)
a
ster
f
ri-
);
g

ich
s
her
be
art-
Option II (Permissible) Illustrating same revision level for
the drawing and board but unique revisions for each art-
work layer.

3.10.2 Master Drawing Revision Level − Option II (Per-
missible) This method is very similar to option I with the
following exception: each artwork layer may receive
unique revision. Whenever changes are made to the ma
drawing that does not affect tooling, form, fit or function o
the ‘‘Bare Board’’, the master drawing may have a nume
cal suffix added to the revision (ex.: -1, A1, A2, A3, etc.
thereby modifying the drawing revision without affectin
the ‘‘Bare Board’’ revision.
8

ocument details: IPC D-325A-1995
Option II requires that, whenever changes are made wh
do affect tooling, form, fit or function, only artwork layer
affected by the change need be raised to the next hig
revision. The revision level of the master drawing must
equal to (and the same as) the revision of the highest
work revision (Option II, Figure 3-2).
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Figure 3−3 Artwork Configuration Control (Option III)
th
ter
r

on
es
III,

e

Option III (Permissible) Illustrating same revision level for
the drawing, board and all artwork layers.

3.10.3 Master Drawing Revision Level - Option III (Per-
missible) Whenever changes are made, regardless of
reason, the revisions of all artwork layers and the mas
drawing revision levelshall be raised to the next highe
revision level.
nt details: IPC D-325A-1995
e

Thus, all artwork revisions and the master drawing revisi
shall always be at the same revision. Note: Option III do
not use the numerical suffix numbering scheme (Option
Figure 3-3).
9
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Figure 3−4 Title Block
 d
3.11 Approvals Block All signatures may include but not
be limited to (Figure 3-4):

• Draftsman’s signature and date

• Designer’s signature and date

• Checker’s signature and date

• QA signature and date

• Project engineer’s signature and date.
10

ocument details: IPC D-325A-1995
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Figure 3−5 Continuation Sheet and Rev

Figure 3−6 Sign-off Column & Revision Status of Sheets
-

fol-

e

3.12 Revision Letters The first engineering change, con
sidered the first production change,shall be assigned the
letter ‘‘A’’. Subsequent changesshall follow in sequence:
‘‘B’’, ‘‘C’’, ‘‘D’’, etc. Uppercase letters shall be used in
nt details: IPC D-325A-1995
alphabetical sequence. The letters ‘‘I’’, ‘‘O’’, ‘‘Q’’, ‘‘S’’,
‘‘X’’, and ‘‘Z’’ shall be omitted. When revisions are
numerous enough to exhaust the alphabet, the revision
lowing ‘‘Y’’ shall be ‘‘AA’’, and the next ‘‘AB’’, then
11
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Figure 3−7 Temporary Revision − Optional
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‘‘AC’’, etc. Should ‘‘AA’’ to ‘‘AY’’ be exhausted, the next
sequenceshall be ‘‘BA’’, ‘‘BB’’, etc.

3.13 Temporary Revision (Optional) Occasionally, it
may be desirable to update documentation without repl
ting artwork. This usually occurs when existing boards a
updated by rework (cut lines and added wires). The re
sion of the reworked boards is changed by remarking t
boards with the next higher revision letter. The sign-o
column (revision column) of the master drawing is updat
by adding the following notation:

‘‘Temporary rev. of this board is rev. A (or the
next higher rev.). This drawing will be revised
and redrawn when artwork is replotted’’. Per
ECP #XXXXX or ECO #XXXXX.

This scheme may be repeated, if necessary. This proced
allows the drawing to be updated and released and at
same time maintain revision level control. Another adva
tage is that the artwork may be replotted at some latter d
or when convenient, without writing another Engineerin
Change Proposal (ECP) or Engineering Change Not
(ECN). The drawing will, however, need to be redrawn (
replotted) and reissued (Figure 3-7).

3.14 Updated and/or Redrawn Drawings When a draw-
ing is redrawn or replotted on a new format, the origin
names and dates must be maintained; however, only
latest revision requires the engineer’s signature and d
When historical files are maintained, only the latest rev
sion need be recorded on the drawing.

3.15 Contract Number The contract number or purchas
order number, when applicable,shall be entered in the
appropriate contract number block (Figure 3-4).
ng
ng
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3.16 Application Block (Optional) The application block
is divided into two parts: ‘‘Next Assembly’’ and ‘‘used
on’’. The drawing number of each next higher assembly
entered in the next higher assembly block. The proj
name, model number or other designation assigned to
program or equipment, is entered in the ‘‘used on’’ bloc
The application block may be expanded to accommod
additional information (Figure 3-4).

3.17 Commercial and Government Entity (Cage Code)

The cage codeshall always be the cage code of the desig
activity whose drawing number is assigned to the draw
and shall be entered on the drawing in the appropria
block (Figure 3-4).

3.18 Distribution Key (Optional) Quite often, distribu-
tion of drawings is controlled by assigning a specifi
‘‘key’’ which controls distribution of drawings to specific
recipients. This key may be placed in a small block locat
in the lower right-hand corner and directly above the ti
block (Figure 3-4).

3.19 Material Block (Optional) The material block may
have numbers (enclosed inside of a square or flag) co
sponding to the appropriate note(s) which specifies mate
requirements (Figure 3-4).

3.20 Configuration Control The master drawingshall
document the following information: The number of ar
work layers, applicable drawing numbers assigned to
layers, individual file numbers (when applicable) and re
sion levels of the individual layers. Additionally, includ
other artwork file numbers and their revisions; i.e., sold
mask artwork, silk screen artwork and solder paste ste
artwork, when applicable. Test data and revision includi
file numbers; numerical control data and revision includi
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file numbers; laminated heat sinks and revision; coppe
invar-copper constraining core revisionshall be listed and
controlled (4.3.6).

3.20.1 PWB Updates Once Drawings have been created
and released, and as subsequent design changes are in
porated, the designer must remain fully cognizant of th
impact and ripple effect to other associated Drawings an
documentation. Especially important is the ‘‘mandator
requirement and obligation’’ of updating all associated
drawing revisions. A Printed Wiring Board requiring a
changeshall be updated by raising the revisions of the fol-
lowing: the master drawing, including revisions of all cog
nizant artwork; the ‘‘bare board marking revision’’; solder
paste stencil artwork; metal core artwork; laminated he
sinks, etc. An update to a PWB is permissible, provided th
following criteria is met: the changeshall not affect form
(shape), fit (dimensional size) and function (electrical cha
acteristics). Refer to 3.10 through 3.10.3.

General Rule: The updated PWB must be a direct replac
ment for the previous revision board. Quite often, the pre
vious revision PWB must be reworked and made equal
the new revision board.

3.20.2 Re-identified Board (Re-ident) Whenever a
printed board requires a change which does affect the for
fit or function, the board must be re-identified and given
new identity.

This obviously will require the designer to create new
documentation for the new (re-identified) board. The rea
son is that the new board is physically or functionally dif-
ferent than the old board and is not a direct replacement f
the old board. The revisions in this situation must b
treated the same as an initial release; therefore, the do
mentation, artwork and board revisions are assigned a da
(—) revision.

3.21 Numbering of Notes All notes shall be numbered.
Those notes which are referenced elsewhere on the dra
ing, shall be enclosed in a square or flag. The correspon
ing reference number(s) delineated elsewhere on the dra
ing shall also be enclosed in a square or flag.

4.0 DOCUMENTATION PACKAGE

Information contained in this section outlines requiremen
to be considered when developing the documentation pac
age needed to fully describe the construction and perfo
mance of printed boards.

4.1 Documentation and Electronic Data The printed
board documentation package generally consists of t
master drawing, master pattern drawing or reproductions
the artwork masters (film or paper), printed board assemb
drawing, parts list, numerical control (NC) data for drilling,
nt details: IPC D-325A-1995
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profile routing data, library data, test data (bare board a
functional), component placement data, and artwork p
data.

Note: Electronic data may be supplied, in lieu of repro
ductions (as noted above), prepared in accordance w
IPC-D-350 format (preferred), or other standard indus
formats. Information may be supplied on magnetic med
(magnetic tape or diskettes) or, when convenient, data m
be transmitted over transmission lines (7.4 and 7.5).

4.1.1 Computer Aided Design (CAD Output) All CAD
system output datashall meet the requirements of IPC-D
35X series format and/or other industry acceptable stand
formats.

4.1.2 Documentation Requirements All documentation
shall meet the requirements of this specification. Wh
required by contract, documentation for Class 3 milita
assembliesshall also meet the requirements of DOD-STD
100.

4.2 Master Drawing The master drawingshall be pre-
pared in accordance with the requirements of this spec
cation.

During the design review, the class (1, 2, or 3) of docume
tation shall be considered, as shown in Table 4-1.

Typical master drawing documentation requirements a
shown in Table 4-2.

The master drawing describes all details needed to fa
cate the printed board and may include the following:

• Design Requirements

• Board Details Including Construction

• Materials and Process Specification

• Conductor Definition

• Minimum Spacing Requirements

• Artwork Configuration Control Chart

• Fabrication Allowances

• Solder Mask Requirements

• Marking Requirements (Traceability)

• Silk Screen Requirements

• Bow and Twist Requirements

• Test Coupon Requirements

• Electrical Test Requirements

• Performance Requirements

• Master Pattern Drawing

• Computer Aided Design (CAD) Reference Data
13

http://www.avadocuments.com/doc/ipc-d-325a-1995
http://www.avadocuments.com/doc/ipc-d-325a-1995


IPC-D-325A May 1995

Full d
Table 4−1 Typical Master Drawing Documentation Requirements

Class 1 Class 2 Class 3

The engineering printed board layout or
check plot shall serve as the master
drawing and be supplemented with
manufacturing instructions and other
pertinent notes to provide the necessary
information to manufacture the board.

The master drawing shall describe the
physical board details, if etchback is
required, the location of traceability
markings, and provide separate views of
each conductor layer of the printed
board. Any and all pattern features not
controlled by hole size and locations
shall be adequately dimensioned either
specifically, by notes, or by reference to a
grid system used in the design of the
boards. The plating and coating thickness
shall be specified. Quality conformance
test circuitry may also be included on the
master drawing, when required. The
information in Table 4-2 may be used as
a guide.

The master drawing shall describe the
board in accordance with Table 4-2.
Quality conformance test circuitry in
accordance with the design standard
shall be included. Test circuitry shall
reflect the design of the boards and all
manufacturing processes, such as
drilling, plating, etching, fusing, ground/
voltage planes, separate fabricated
layers, permanent coatings (solder mask)
etc. The master drawing shall also
indicate the process allowances that were
used in the design or artwork preparation
of the printed board. The master pattern
drawing, part of the master drawing set,
may be supplied using one of the
following methods: reproductions of the
layer image(s) reproduced using
photographic techniques or pen plotted;
or supplied as electronic data. Any and
all pattern features not controlled by hole
sizes and locations shall be adequately
dimensioned either specifically, by note,
or by reference to a grid system used in
the design of the boards.
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• Numerical Control Reference Data

• A graphical representation illustrating the Artwork t
Master Drawing relationship is illustrated in Figur
4-1. The purpose of this diagram is to illustrate th
correlation between the original photoplotted Ar
work, Master Drawing, Master Pattern Drawing an
Production Master (4.2, 4.2.1, 4.2.2, and 4.2.3).

4.2.1 Artwork Master (Original Photoplot Master)
Original precision artwork is usually generated by ph
toplotting, using a vector or laser photoplotter. Refer
IPC-D-310.

The artworkshall contain as a minimum, the following
information:

A. Board part number and revision.

B. Layer number (Figure 4-2).

C. For composite printed boards, a complete set of qua
conformance coupons is required for the top board, t
bottom board and the composite board.

D. Three registration targets (or moires)shall be located on
grid and on each layer of artwork. Each additional lay
or artworkshall have registration targets located at th
same points which,shall register with each other, layer
to layer.

E. Marking or silkscreen artwork (when required)shall
have a minimum of two alignment targets to coincid
with the center line or features located on the board s
face to be marked.

F. Component pedestal artwork (when required)shall have
14
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a minimum of two alignment targets to coincide with
the center line of features located on the board surfa

G. Special tooling artwork: During the formal desig
review and prior to layout, special tooling requiremen
which can be generated during design should be cons
ered (IPC-D-275, 3.2.7).

4.2.2 Production Master When specified in the contract
or purchase order, a production master film of each lay
shall be provided as part of the drawing set. When a pr
duction master is not provided as part of the drawing s
the fabricatorshall have responsibility for creating the pro
duction master film set, the accuracy of whichshall meet
the requirements of the master drawing.

Quite often, the fabricator is supplied with data from whic
he must produce the production master film set. These p
cision films are created by photoplotting. The data is oft
electronically transmitted or supplied on magnetic med
i.e., mag tape or diskettes.

When production masters are supplied as a supplemen
the engineering documentation package, theyshall be sup-
plied as readily usable 1:1 precision masters. Product
masters may be single or multiple image artwork.

4.2.3 Master Pattern Drawing The master pattern draw-
ing (Figure 4-1), part of the master drawing set, may b
supplied using one of the following options:

Option #1: A reproduction of the original artwork or data
base prepared on a drawing format. The master patt
layer image(s) may be reproduced using photographic te
niques or pen plotted, when practical. All layers of artwor
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Table 4−2 Typical Master Drawing Detail Requirements

Characteristics Requirements

A. Board Details 1. The type, size and shape of the printed board and all tolerance conditions thereof.
2. Dielectric separation between layers.
3. Bow and twist allowances.
4. Overall board thickness requirements including tolerances.

B. Materials 1. Type class and grade of material, including color if applicable.
2. Plating and coating material(s) type and thickness(es).
3. Marking inks or paint and permanency.

C. Hole Details 1. The size, location and tolerances for all holes.
2. The plating requirements for all holes.
3. The hole cleaning requirements including if etchback is required or permitted.

D. Conductor Definition 1. Shape and arrangement of both conductor and non-conductor patterns on each layer
of the printed board. (Paper or film copies of the production master(s) or copies of
artwork may be used to define these patterns.)

2. Electronic data may be supplied, in lieu of reproductions (as noted above), refer to
Table 4-1, Figure 4−1, and 4.2.3.

3. Conductor width and spacing on the finished printed board.
4. Dimensions and tolerances for critical pattern features which may affect circuit

performance.
5. Conductor layer identification starting with the primary side, the next conductive layer

shall be Layer 2. (For assemblies with components on both sides the most complex
or densely populated side shall be Layer 1.)

E. Marking 1. Printed board identification marking.
2. Layer identification - revision (optional).
3. Size, shape and location of reference designation and legend marking, if required.
4. Traceability marking and/or date code and serial number (when required).
5. Location and size requirements for fabricator’s I.D., UL, ESD marking and cage code.

F. Processing Conditions 1. Processing allowances that were used in the design of the printed board, including but
not limited to:
a. Conductor width allowance
b. Conductor spacing allowance
c. Land/hole fabrication allowance
d. Solder mask or cover layer registration allowance

2. Applicable processing specifications.
3. Location of quality conformance coupons or circuitry.

G. Design Concepts 1. Maximum rated voltage (maximum voltage between two non-connected adjacent
conductors with the greatest potential difference).

2. Identification of testing and test point locations (when applicable).
3. Modular grid system(s) used:

a. Metric grid - 2.0, 1.0, 0.5 or multiples of 0.1 mm
b. Inch based grid - 0.100, 0.050, 0.025 or multiples of 0.005 inches

H. Documentation 1. Terms used on the master drawing shall conform to this standard and IPC-T-50.
2. Notes either included on the first sheet(s) or location of notes specified on the first

sheet(s)
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including solder masks(s), silk screen(s), laminated he
sinks and solder paste stencil(s), when applicable,shall be
illustrated; more than one artwork layer may be arrang
on one drawing sheet.

Option #2: Electronic data may be supplied, in lieu o
reproductions (as noted above), prepared in accordan
with IPC-D-350 Format (preferred), or other standar
industry formats.

4.2.4 Notes, Placement The placement of notes on the
master drawingshall be on the first sheet and located in th
upper left-hand corner. The width of the note colum
should not exceed a width of 6 to 8 inches. Notes whic
apply to a multiple sheet drawing should always begin o
the first sheet. Notes should always be:
nt details: IPC D-325A-1995
t

e

• Clear and concise

• Written in the present tense

• Carefully composed to convey one message: capa
of only one interpretation

4.2.5 Board Construction / Cross Sectional View The
master drawingshall have a cross sectional view showing
the construction and lay-up of the board. The cross se
tional view may be drawn as an exploded view and shou
include: The core thicknesses and tolerances; prepreg
tolerances; constraining core and construction, (wh
required) including thickness and tolerance; individua
layer locations; solder mask information (top and bottom
when required); silk screen information (top and bottom
when required); primary and secondary (top and bottom
15
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Figure 4−1 Graphical Representation Illustrating Artwork - Master Drawing Relationship
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identification plus an overall dimension including toler
ance. Refer to Figures 4-4, 4-4a and 4-4b for typic
examples.

4.2.6 Viewing The layout or board design should alway
be viewed from the primary side of the board. When ge
erating phototools, viewing should also be from the pr
mary side and coincident with the board design (IPC-D
310). Unless otherwise specified, conductor layersshall be
numbered consecutively, starting with the primary (comp
nent) side as layer 1, as shown in Figure 4-2. For tho
assemblies having components located on both sides, c
sider the side with greatest number of components as
primary side. When viewing the board from the primar
side, any legend on the bottom layer (secondary side) w
normally be mirror imaged. When board types 4, 5, and
are constructed as two separate printed boards and la
nated to a substrate, the layers of each of the paired boa
are to be numbered as illustrated in Figure 4-2.

4.2.7 Accuracy and Scale The accuracy and scale of the
design layout or check plot must show sufficient detail
eliminate inaccuracies in interpretation during the artwo
generation process. Obviously, when CAD equipment
16
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used during design, inaccuracies and ambiguities are u
ally minimal. Whenever practical, the design layout shou
be drawn or plotted at a 1:1 scale.

4.2.8 Multilayer Boards with Blind and/or Buried Vias

The location of blind and/or buried viasshall be identified
for each layer pair and should be illustrated on the dra
ing. When controlled depth drilling is used to create blin
vias (usually filled with solder), the drill depth from top o
bottom must be included in the separate drill list dat
Blind and/or buried vias may be illustrated on the drawin
using the artwork and/or may be imbedded in the electron
data. Quite often, a cross-sectional view is used to illustra
the following: The corresponding layer pairs, blind vias
buried vias and through-holes.

Separate drill files are needed for each of the following:
• blind or controlled depth drill files (top or bottom)
• blind hole drill files associated with layer pairs
• buried hole drill files associated with layer pairs
• through-hole drill file ° °

4.2.9 Constraining Core Printed Boards When creating
documentation illustrating constraining core printed boar
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NOTE: FOR THOSE PRINTED BOARD ASSEMBLIES THAT HAVE COMPONENTS
ON BOTH SIDES, EITHER SIDE MAY BE DESIGNATED AS THE PRIMARY SIDE
AND IS USED TO DEFINE LAYER 1.

Figure 4−2 Printed Wiring Board - Viewing
17

nt details: IPC D-325A-1995

http://www.avadocuments.com/doc/ipc-d-325a-1995
http://www.avadocuments.com/doc/ipc-d-325a-1995


o
o

-

r
e
n
s

n

b
b

a

:

-

m
n

t

k
n

in

a
m

o

n,
rea
h
ith
a

l-

,
u-

he
en
.1.

ese

-
e-

y

)
rd
ed,
ly
rt-

ly

s,
is
by
nt

IPC-D-325A May 1995

Full d
(Figure 4-4b), the following parametersshall be consid-
ered: Substrate drawings, illustrating constraining core c
struction, must use the same coordinate zero feature l
tion as the printed board(s). The following informatio
should be included: clearance holes required for the top
bottom plated through-hole interconnects, profile dime
sioning, thickness(es), materials used, processing requ
ments and coupon clearance holes. The couponshall be
designed in accordance with IPC-D-275, Section 7.0. Ho
which connect with the inner planes should be identified
the drawing as reference information.

When separate printed boards are laminated to a subst
the designer must consider the documentation requirem
needed to fully illustrate each board. Separate drawi
may be developed for each board, or a single compo
drawing may be used.

The location of blind and buried viasshall be identified for
each layer pair and should be illustrated on the drawi
When controlled depth drilling is used to create blind via
the drill depth from top or bottom must be included in th
separate drill list data. Blind and/or buried vias may
illustrated on the drawing using the artwork and/or may
imbedded in the electronic data. Quite often, a cross s
tional view is used to illustrate the following: The con
straining core, the corresponding layer pairs, blind vi
buried vias and through-holes.

Separate drill files are needed for each of the following

• blind or controlled depth drill files (top or bottom)

• blind hole drill files associated with layer pairs

• buried hole drill files associated with layer pairs

• through-hole drill file

4.3 Marking

4.3.1 Marking and Legends When specified on the mas
ter drawing, boards and assembliesshall be marked by
appropriate inks, labels, etched characters, or other per
nent methods. Marking should be used to provide refere
designators, part or serial numbers, revision level, orien
tion or polarization symbols, bar codes, electrostatic d
charge (ESD) symbol, etc. Markings should not be loca
under components or in locations which will be hidde
after final assembly or installation. Avoid locating mar
ings on conductive surfaces (whenever possible). Marki
should not be placed on surfaces covered with melting m
als. Markings should always be legible and of contrast
color.

Whenever practical, fixed format information such as p
number, revision level, layer number, and orientation sy
bols should be incorporated in the artwork master and
considered during printed board layout and design. C
pons should include this same information. Variable form
18
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information, such as serial numbers, fabricator informatio
date codes, etc., should be placed in an appropriate a
utilizing permanent nonconductive, non-nutrient and hig
contrast inks, labels, laser scribes, or other means, w
sufficient durability to survive assembly and cleaning. If
conductive marking ink is used, itshall be permanent and
appropriately isolated by spacing or coating from the ba
ance of the circuitry.

Markingsshall be of sufficient size, clarity, and location to
allow legibility during processing, inspection, storage
installation, and field repair of a board or assembly. Us
ally, a minimum character height of 1.5 mm [0.060 in] with
a line width of 0.3 mm [0.012 in] is adequate. Every
attempt should be made to provide enough space for t
marking. It is recommended that space be reserved, wh
component placement is determined, per IPC-D-275, 4.1
Avoid the use of marking inks in close proximity to sur-
faces which are to be soldered; resin systems used in th
inks may impair solderability.

The master drawingshall specifically indicate the location
for the date code, fabricator’s I.D. and UL marking, fabri
cator’s cage code, ESD symbol and all other required trac
ability markings; i.e., serial number marking.

4.3.2 Electrostatic Discharge (ESD) Marking ESD,
military or Underwriters Laboratories requirements ma
include special marking considerations whichshall become
a part of the master drawing. When electrostatic (ESD
sensitive components are used on a printed wiring boa
assembly, the (ESD) symbol may be marked or screen
using a permanent ink or label, able to withstand assemb
processing or etched in copper and may be part of the a
work (Figure 4-3).

Refer to 8.16 through 8.16.3 on printed board assemb
documentation for additional information pertaining to
electrostatic discharge (ESD) requirements.

4.3.3 Manual Layout Manual layouts should be com-
pleted with appropriate notations, marking requirement
and revision level definition. It is necessary to structure th
information such that there can be no misunderstanding
anyone viewing the layout. Notes are especially importa

Figure 4−3 Electrostatic Discharge Symbol
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Full docume
during the engineering review cycle, the digitizing effor
and whenever the document is to be used by someone o
than the originator.

4.3.4 Computer Aided Design (CAD) Systems When
computer aided design (CAD) systems are used in
design process, software is used to accomplish some of
tasks which were formerly done manually. These tas
include defining components and the foot prints, automa
placement of components, definition of layers, automat
routing of conductors, design rules checking, and gene
tion of check plots, etc.

Automated systems, such as CAD equipment, compu
aided engineering (CAE) equipment, computer aid
manufacturing (CAM) equipment, test equipment, ph
toplotters, automated assembly equipment (auto insert
and/or pick and place equipment, automated optical insp
tion (AOI) equipment, must communicate with each othe
It is recommended that standard industry formats be us
when communicating this data between systems.

The IPC-D-35X series of documents and record forma
have been developed to serve as a standard format use
facilitate the interchange or electronic transfer of ‘‘Printe
Board Description in Digital Form,‘‘ between CAD sys
tems and other facilities.

Electronic transfer and/or delivery of computer generat
data (as part of the documentation package) should m
the requirements of IPC-D-35X series of standard
Archived data should be in accordance with IPC-D-35
IPC-D-351, IPC-D-352, IPC-D-353, IPC-D-355, IPC-D
356, etc.

When using computer aided design (CAD) equipment, t
database should include, in complete detail, all informati
needed to produce the printed board. This informati
should include all notes, board details including constru
tion and lay-up, materials and process specifications, h
details, conductor definition, minimum spacing requir
ments, fabrication allowances, solder mask requiremen
marking requirements, silk screen requirements, bow a
twist requirements, test coupon requirements, electrical t
requirements, performance requirements, numerical con
reference data, etc.

The use of check plots is important in helping to verify th
the data base matches the requirements of design.

4.3.5 Artwork Measurements Generation of artwork
and measurement techniquesshall be in accordance with
the requirements of IPC-D-310.

The appropriate artwork tolerances and processing allo
ancesshall be incorporated into the production of the pho
totool. Single-image masters, as well as multiple ima
masters may be provided as part of the documentat
nt details: IPC D-325A-1995
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and/or data package. Artwork may be produced on film
photographic glass plate media as required.

IPC-D-310 specifies the dimensional changes resulting
to changes in temperature and humidity on each of th
products.

Note: Modern laser photoplotters have the ability to pr
duce precision artwork within exceptional limits. Typica
precision laser plotting accuracy exceeds:

• Image Tolerance: +/−0.0005″
• Line Width Tolerance: +/−0.0005″
• Feature Repeatability: +/−0.0003″
• Accuracy (Overall): +/−0.001″

Quality conformance coupons should be incorporated i
the artwork. Coupons may be added by the design group
the board fabricator.

4.3.6 Artwork Configuration Control Chart It is sug-
gested that the master drawing have an artwork configu
tion control chart (refer to Figures 4-5 and 4-6). The pu
pose of this chart is to organize, identify and control t
revision levels of: the individual artwork layers; solde
mask artwork and revision levels; silk screen artwork a
revision levels; solder paste stencil artwork and revisi
levels; N.C. board drill data and revision levels; N.C. dr
data and revisions for backing plate, and/or internal a
external heat sinks (when applicable); N.C. routing da
and revision level (when applicable); bare board test d
and revision level; plus drawing number(s) assigned to
individual artwork layers and data files.

The column identified with ‘‘Rev. Level’’ summarizes th
revision(s) of each individual corresponding artwork lay
and data file(s).

The column identified with CU. WT. oz. identifies the cop
per weight specified for each individual layer. The last co
umn, identified with ‘‘Nom. Finished Line Width,‘‘ speci-
fies the nominal finished line (conductor) width for eac
corresponding artwork layer.

Note: Occasionally, more than one line (conductor) wid
may be used on one layer. In those cases, a double e
may appear in the column titled ‘‘NOM. Finished Lin
Width’’; Example: 0.007’’ / 0.010’’; ground planes and
voltage planes do not require an entry in this column.

A backing plate is a tool used with press-fit connecto
(Figure 9-1.)

4.3.7 Hole Schedule It is suggested that the maste
drawingshall have a chart titled ‘‘Hole Schedule’’ (Figure
4-7).

The purpose of the hole schedule is to identify, by use
symbols, the various hole diameters used on the bo
Diameters specified for plated holes are considered finis
diameter(s) after all required platings and treatments (s
as solder fusion).
19
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Figure 4−4 Board Cross Section - Six Layer Construction
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Each unique hole diametershall be assigned a separa
drill legend symbol and code letter (optional) for referenc
The drill legendshall also correspond with the plotte
‘‘Drill Pattern’’ illustrating all drill locations. Special and
critical hole locations; i.e., holes used in conjunction w
datums, tooling holes, mounting holes, stiffener holes, e
may be dimensioned on the drill pattern (part of the mas
drawing). Locations and identity of all other holes (n
dimensioned) may be illustrated with use of symbo
These holes must correspond with the symbols assigne
the drill legend column.
20
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Every drilled hole must be identified (by symbol) and mu
contain the following information in the hole schedule
diameter, tolerance, plating requirements, (plated or no
plated). Additional information may identify tooling holes
tented holes or plugged holes. Another method of expre
ing the hole diameter tolerance is to show both the upp
and lower diameter limits, refer to IPC-D-300.

4.3.8 Drill Pattern The drill pattern may be included as
part of the master drawing (Figure 4-8). It may be a pe
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Figure 4−4A Example of Typical Cross-Section Detail, mm [in]

Figure 4−4B Symmetrical Multilayer Printed Board Cross-Section Illustrating Constraining-Core Construction
at-
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plot, a photoplot or photographic composite copy illustr
ing all drill locations. The drill pattern is produced at 1
scale, where symbols may be used to represent each un
hole diameter.

Note: Electronic data may be supplied in lieu of, and/or
addition to, the drill pattern described above, prepared
nt details: IPC D-325A-1995
ue

n

accordance with IPC-D-350 format (preferred) or oth
standard industry formats.

Since a grid system is used to locate most holes, each
location need not be individually dimensioned. Hole
located off gridshall be individually dimensioned on the
profile (board outline) drawing or on the drill pattern
whichever is more convenient.
21
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Figure 4−5 Artwork Configuration Control Chart, Double-Sided Board

Figure 4−6 Artwork Configuration Control Chart, 6 Layer Board
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The drill pattern quite often serves as a template and
used as a tool when checking and inspecting the prin
board drilling. The drill patternshall be viewed from the
primary side. Since the drill pattern is usually less clutter
than an artwork layer, marking information; i.e., date cod
fabricator’s I.D. and UL marking, plus fabricator’s Cag
Code may be shown in this view.
22
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The drill pattern (viewed from the primary side)shall
include quality conformance test coupons. The test coup
drill pattern illustrating all drill locations are produced at
1:1 scale, and may use the same symbology as the prin
board, to represent each unique hole diameter.
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Figure 4−7 Typical Hole Schedule
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4.3.8.1 Drill Size Recommendations for Printed Boards

The following table shows recommended drill sizes in st
dard 0.05 mm [0.002 in] increments. These drills may
used to drill unsupported or plated-through holes in rig
printed boards.

Although the designer rarely specifies the drilled hole si
these dimensions may be used in determining minim
annular ring calculations, or minimum land sizes.

Also shown in the table is the maximum board thicknes
to which the various drill sizes should be applied. The
dimensions are maximums. Thinner boards may be use
accommodate all drills shown within a drill set category

Although the table shows over 124 various drill size
designers are encouraged to limit the number of drill se
tions to approximately 10 drill sizes per board. Where p
sible, a lesser number should be used, recognizing tha
manufacturer needs certain drill sizes for tooling hole a
other configurations. It is recommended that the desig
select no more than one drill size from any given row
order to optimize drill size operation.

Table 4-3 is a suggested guideline based on the availab
of existing manufactured drills.

4.3.9 Profile (Board Outline) Dimensioning The meth-
ods for dimensioning the profile (board outline)shall be in
accordance with IPC-D-300. The methods for depict
feature size, position and location, form and associated
nt details: IPC D-325A-1995
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erancesshall be in accordance with IPC-D-300 (Figure
4-9 and 4-9A).

The board thicknessshall be dimensioned in an end view
or depicted in the board construction cross-sectional vi
(Figures 4-4 and 4-4A).

4.4 Grid Systems Grid systems are used to locate com
ponents, plated-through and non-plated holes, conduc
patterns, surface mount land patterns, and other feature
the printed board and its assembly; therefore, they need
be individually dimensioned.

When printed board features fall off grid, theyshall be
individually dimensioned and toleranced on the mas
drawing. These dimensions may appear either on the p
file (board outline) view or on the drill pattern whicheve
is more convenient. Pin #1 should always be placed
grid. Grid systemsshall be located with respect to a mini
mum of two datum points.

The grid incrementshall be specified on the master draw
ing (or may be embedded in the CAD system data bas
The selection of the grid increment is based on the com
nent terminal location for through-hole components,
component center point for surface mount componen
Typical grid increments are multiples of 0.13 mm [0.00
in] for through-hole components, and 0.05 mm [0.002 i
for surface mount components.
23
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Table 4−3 Drill Size Recommendations
Related to Maximum Board Thickness

4.4.1 Datums The master drawingshall include the rela-
tionships and acceptable tolerances between all datum
tures as established in accordance with IPC-D-300.

A minimum of two holes located on gridshall be dimen-
sioned and toleranced with respect to a datum referen
24
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frame. This positions the grid with respect to the board a
at the same time, establishes the grid ‘‘0-0 point of origin

Electrical test data, tooling and numerical control da
should always be generated from the same ‘‘0-0 point
origin’’.

4.4.2 Dimensions and Tolerances The values of printed
board dimensions and tolerancesshall be in accordance
with IPC-D-300. The dimensioning and tolerancing co
vention used on the master drawingshall be in accordance
with IPC-D-300.

Historically, printed board designs have used bilateral t
erances for size and position, which is acceptable per AN
Y14.5 with some exceptions with regards to datum ref
ences; however, the use of geometric dimensioning
tolerancing (GDT) has many advantages over size
bilateral tolerancing:

• It allows at least 57% more tolerance area with tr
positioning than with bilateral tolerancing (Figur
4-11).

• It provides maximum producibility while assurin
the mechanical function of the printed board.

• It allows ‘‘bonus’’ or extra tolerances when th
maximum/least material concept is used.

• It ensures that design requirements, as they relat
actual function, are specifically stated and carri
out, especially when automated assembly techniq
are to be used.

• It ensures interchangeability of mating parts.

• It provides uniformity and convenience in drawin
delineation and interpretation, thus reducing cont
versy and guesswork.

4.4.3 Datum Features Datum features indicate the or
gin of a dimensional relationship between a toleranced f
ture and a designated feature or features on the prin
board. Datum features are chosen to position the prin
board in relation to a set of three mutually perpendicu
planes (Figures 4-12 through 4-16). There are some c
where a single datum reference is sufficient, for exampl
printed board profile or a datum hole position.

Typically, printed board drawings are oriented with th
component side or the designated Layer 1 facing up. T
orientation establishes the backside of the printed boar
the first (primary) of the three required datum planes. T
other two datum planes (secondary and tertiary) are ty
cally established minimum material conditions using ho
and/or etched features on the printed board. The choic
features to be used for datums depends on what design
ments are intended to be controlled. Board edge or fea
edge datums should not be used primarily because their
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