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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GENERIC REQUIREMENTS FOR IMPLEMENTATION
OF PRODUCT MANUFACTURING DESCRIPTION
DATA AND TRANSFER METHODOLOGY

FOREWORD

A PAS is a technical specification not fulfilling the requirements for a standard, ade availgble to the

public and established in an organization operating under given procedures.

IEC-PAS| 62119 was submitted by the IPC (The Institute for Interconnecting and Circuits) and

has been processed by IEC technical committee 52: Printed circuits.

The text of this PAS is based on the This PAS was appr
following document: publication
committee once
Draft PAS / &ep\MmgB
52/827/PAS /\\)/ ?{83)%&

Followin bcompnittee concerned will investigate the

possibilit

An IEC- s been signed by the IEC and IPC and is

recorded

1) The IE is a worldwide organization for standardization comprising all
nation ommittees). The object of the IEC is to promote interpational co-
operaji ation in the electrical and electronic fields. To this end and in addition
to othe | Standards. Their preparation is entrusted to technical gommittees;
any |H ubject dealt with may participate in this preparatory work. Ifternational,
gover organ ations liaising with the IEC also participate in this preparatign. The IEC
collab| ernatreral Organlzatlon for Standardization (ISO) in accordance with| conditions
determi

2) The f of the IEC on technical matters express, as nearly as possible, an international
conse on the\televant subjects since each technical committee has representation from all interested
Natior

3) The d d have the form of recommendations for international use and are published in the form of
stand orts or guides and they are accepted by the National Committees in that sense.

4) In order4e promote international unification, IEC National Committees undertake to apply IEC Internationa) Standards
transfarently to the maximum extent possible in their national and regional standards. Any divergence letween the
IEC Standard and the corresponding national or regional standard shall be clearly indicated in the latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this PAS may be the subject of patent rights. The

IEC shall not be held responsible for identifying any or all such patent rights.
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The Principles of In May 19% the IPC's Technicé Activities Executive Committee adoptel Prin-
Standardization ciples of Standardizatio as aguiding principle of IPC's standardizatio efforts
Standards Should:

» Show relationshp to DFM & DFE

» Minimize time to market

 Contan simple (simplified) language

* Jug include spes information

 Focws on end produd performance

* Include a feed bad systen on use and problens for future improvement

Standarde Shaoild Naot-
StaRaH eSOt

* Inhibit innovation

* Increag time-to-market

» Keep peopk out

* Increag cycle time

* Tell you how to make something
» Contan anythirg that canna be defend@

Notice icatiorg &re i sex\e thepublic intereg through
: &y and purchasersfgcilitat-
and assistig the gur-
 delay the prope produid for
nitard and Publicatiors shal pot
membe of IPC from manufacturing
' g to sud Standard and Publication nor
d and Publicatiors precluck their vdluntary
emberswhethe the standad is to be uspd

icati definal in the IPC-25D series is basel on the

AD which was developé by the Mitron Corporatio.
Hancemerof the GenCAD forma and encompassepddi-

vistis to ded with the manufactue of printed boad and|printed

riende Standard and Publicatiors are adopta by IPC without fegad to
the their adoption may involve patensg on articles materials or prpcesses.
By sud action IPC does not assune ary liability to ary patert owne,|nor

do they assune ary obligation whateve to parties adoptirg the Reconmended
Standad or Publication Usess are also wholly responsite for protecting
themselve agains all claims of liabilities for pater infringement.

The materia in this standad was developé by the Compute Data Geperation
ard-TransfeCommittesard the Computerize Datr FormaStardardization
Subcommitte of the Institute for Interconnectig and Packagig Electronic
Circuits.

©Copyright 1998. The Institute for Interconnecting and Packaging Electronic Circuits, Northbrook, lllinois. All rights reserved under both
international and Pan-American copyright conventions. Any copying, scanning or other reproduction of these materials without the prior
written consent of the copyright holder is strictly prohibited and constitutes infringement under the Copyright Law of the United States.
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Generic Requirements for Implementation of Product Manufacturing
Description Data and Transfer Methodology (MANGN)

1 SCOPE

This standard specifies data file formats used to describe printed board and printed board assembly
products with details sufficient for tooling, manufacturing, assembly, inspection and testing requirements.
These formats may be used for transmitting information between a printed board designer and a
manufacturing or assembly facility. The files are also useful when the manufacturing cycle includes
computer-aided processes and numerical control machines.

The inf(eration can be used for both manual and for digital interpretations. Thedataynay be dJ!fined in

either Epglish or Sl units.

1.1  Ipterpretation

"Shall",| the emphatic form of the verb, is used throughout this st

intended to express a provision that is mandatory. Deviation fropn a §
and compliance to test modules (CTMs), developed to check sy
the corréct relationships between entitiesin afile.

RNever aequirgment is
S not permitted,
\S required tp ensure

The worlds "should" and "may" are used whenever it i Press non-mandatory provigions.

"Will" i$ used to express a declaration of
To assigd the reader, the word shall is pr

1.2 GenCAM Focus

The GenCAM format r
manufagturing, assembl
(IPC-25[L1) which
the detdls nec

A series of standards focused on printed board
. is standard series consists of a generic standard
ments. There are seven sectionas that are fogused on
in the single GenCAM file, that addresses the peeds of

the manpfacturing diseiplings ing aparticular product. The sectional standards (IPC-2512(through
2518) paraphrase thé 0t detailed requirements and provide suggested usage and examples for the
topic coyjered by the sectional st .

2 APPR

The follpwing d ptain provisions which, through reference in this text, congtitutes priovisions
of the | ies of standards. All documents are subject to revision and parties who make

agreements based oR_thi's generic standard are encouraged to investigate the possibility of appllying the
most regent/editions of the documents indicated below.

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

IPC-2512 (ADMIN) Sectiona Requirements for Implementation of Administrative Methods for
Manufacturing Data Description

IPC-2513 (DRAWG) Sectional Requirements for Implementation of Drawing Methods for
Manufacturing Data Description

IPC-2514 (BDFAB) Sectional Requirements for Implementation of Printed Board Fabrication
Data Description

IPC-2515 (BDTST)  Sectiona Requirements for Implementation of Bare Board Product Electrical
Testing Data Description
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IPC-2516 (BDASM) Sectional Requirements for Implementation of Assembled Board Product

Manufacturing Data Description

IPC-2517 (ASEMT) Sectional Requirements for Implementation of Assembly In-Circuit Testing

Data Description

IPC-2518 (PTLST) Sectional Reguirements for Implementation of Part List Product Data

Description

IPC-2519 (MODEL) Sectional Requirements for Information Model Data Related to the Printed

Board and Printed Board Manufacturing Descriptions

IPC-2521 PWB Fabrication Data Quality Rating System
IPC-2522 Bareboard Electrical Test Data Quality Rating System
IPC-2523 Printed Board Assembly Data Quality Rating System
IPC-2524 In-Circuit Test Data Quality Rating System

IPC-4101 Laminate/Prepreg Materials Standard for Printed Board

3 REQUIREMENTS

The generic computer-aided manufacturing (GenCAM) format spegifi ta sect ifically for
information interchange of data related to printed board manufactyri ' On, and|test.

GenCAM is comprised of twenty sections. These are show

Each segtion has a specific function or task respectlv and } ' 5t each other. Accordingly,
the infofmation interchange for a specific Qurpose g if the sections required fof such a

purpose(have been prepared.

3.1 (Category classification
Table 341 provides the name and purpose

Section Keyword

Purpose and Content

HEADER {

{ N
\ﬁeaning of<aach\f'\le; i}tsLuaés}(ame, company file type, number, revision, etc.

ADMINI$TRATION

i e ordering Woformation necessary for identifying responsibility, quantity of ordefed parts
d delivery schedtle.

FIXTURES & @x\b&\l\(tur fopbare board and assembled board testing.
PANELS @mﬁu&lﬁ udes description of manufacturing panels for printed boards and descriptiof of
BOARDS \ \ Dacrl ion of board and coupons; includes outline of board/coupon, cutouts, tooling holes.

DRAWINGS PR

ésqbé engineering drawing and formatting requirements for complete printed board and [printed
d assembly descriptions.

PRIMITIVES \D/escribes simple and complex primitive physical shapes; includes lands, holes, standard patferns.

ARTWORKS Functional and nonfunctional geometries developed by the user, i.e. user macros; includes shapes,
T0gos, Teatures not part of the circuit and other user-defined Tigures.

PATTERNS Description for users to build libraries of reusable pads and padstacks.

MECHANICALS Mechanical information; includes handles, nuts, bolts, heat sinks, brackets, holes.

LAYERS Board manufacturing descriptions; includes conductive/nonconductive layer definition of silk screens,
details of dielectric tolerances, separations and thickness.

PADSTACKS CAD system data; includes pads and drilling information through the board.

PACKAGES Describes alibrary of component packages; includes true package dimensions.

FAMILIES Is used to describe logic families of components.

DEVICES Component description; includes device part number.

COMPONENTS Used to identify components; includes reference designators where appropriate.
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Section Keyword Purpose and Content

POWER Power and ground; includes power injection parameters expected and permitted.

ROUTES Conductor location information; includes the location of conductors on al layers.

TESTCONNECTS Test point location; includes probe points, single name test point types and tester pin assignments.

CHANGES Shows change data related to the existing design previously sent to the manufacturing site.

Section heading keywords shall be preceded by a dollar sign ($). Each section shall end with the header
name preceded by the $END (i.e. $HEADER and $SENDHEADER). All keywords belonging to a section
should be indented a minimum of two (2) spaces between the beginning and ending of a section in order
to pass the readability test of the compliance test module. Once the indenture is defined (exact number of
Spa:eS), the Pt actree—wi—be—conststent—tht uug: ott—the-GenCAM—He—TheHerizonta—ab—gharacter

(ASCII gecimal 9) is not permitted for this requirement.

Nesting|of sections shall not be permitted.

See Appendix A for asummary of section heading and ending keyword

3.1.1 | Categories and Content

Table 3{2 provides the section identifiers, and the relationghi : aré necessary tq support
each of [the significant seven standards related to the G ‘ et stgnificant seven gata sets
and standards are administration, drawings, print Abricati printed board test, assembly,

assembl ed board inspection/test, and parts W&, (I

Table 3-2 cti

Section Iflentifier ADMIN | DRAWG | BBFABX."LBDFST | BDASM | ASEMT | HTLST
HEADER X X X X X X X
ADMINISTRATION X [ X N X X X X
FIXTURES N N X ) X X X

PANELS | X X X X X

BOARDS XD X X X X X X
DRAWINGS X X X X X X X
PRIMITIVES < N X X X
ARTWORKS { x/ X X

PATTERNS \ X X X X X
MECHANICALS \ D X X X X X X
LAYERS N O\ X X X X X
PADSTACKS. N\ D X X X

PACKAGES AN X X X X X
FAMILIES % X X X X X
DEVICE$ X X X X
COMPONENTS X . . X . X
POWER X

ROUTES X X X X X
TESTCONNECTS X X

CHANGES X* X* X* X* X* X* X*

* The CHANGES section is used independently to alter previously sent files. Included shall be a HEADER section (for revision status and
identification) and an ADMINISTRATION section to show effectivity

Note: Theletter "X" indicates general usage requirements. Each sectional standard provides additional granularity, and indicates mandatory and
optional data ability requirements.

The twenty sections can be used in various combinations to provide information for manufacturing
processes in printed board fabrication and printed board assembly characteristics. In each of the
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significant seven data sets, there may be subsets to make up details for a specific process or equipment.
An example of this might be a stencil file that is used to deposit solder paste on a printed board prior to
assembly.  Only specific information needed to produce the stencil would be necessary in order to
establish the details for stencil manufacturing. The details of these characteristics are described within
one of the significant seven standards in which that particular process applies.

It should be noted that in situations where a specific process is defined (i.e. stencil fabrication, glue dot
positioning), some sections would be mandatory in order to provide the appropriate information, whereas
some sections might be optional depending on the conditions of the particular manufacturing discipline.

3.2 Character Definition

The texq used in the file for keywords and fixed field parameters shall be ASCII eharacters inErglish, in
the range space (ASCII decimal 20) to ~ (ASCII decimal 126). The only co ctersalqwed are
carriage]| return (ASCIIl decima 13) and line feed (ASCII decimal 10). e acters,
including TAB (ASCII decimal 9), and DEL (ASCII decimal 127) shall n L fext line,

Q cter. Carriage
returns gre optional. Extra line feeds and carriage returns can be inchyded wig Ne i ated but
will be {gnored when the file isread. A text end of file marke G G imal 26),
should rjot be included in the file data.

Freeform text strings may include specia native languag '8 ~ that is
documefited in an ISO standard or has 1SO registratign Xf Table 3-
3), prov|ded that the character set code h [ [

Table 3-3 Example 0

Language Character Set Designation 1SO Registrjation
Numbey

Eastern Efropean (Latin 2) \ E(bit ch&rs@e(setv N 1SO 8859-2

English N ~ ANSLASSH ) ANSI X34 006*
English [ | M1'SQ%hit Cogedicharadter set 1SO 646 002
French ( \ } < 025
German N > 021
Italian A N 015
KatakanajJepanese) \_ \ € code JIS X0201 013
Latin/Gregk /\ \ \8 bit character set 1SO 8859-7

Norwegian - \ N N 060
Norwegia§2 \ \ \ 061
Portuguese A\ \ 016
Spanish > 017
Swedish 010
Western Huropean (I atin 1) 8 bit character set 1SQ. 8850-1

* | SO registration number 006 is equivalent to 002

3.3  Keyword Rules

All keywords shall be uppercase. There are section keywords and statement keywords. Section
keywords are preceded by a $ (ASCII decimal 36); al statement keywords are followed by a colon
(ASCII decimal 58) which separates them from the parameters identified as part of the keyword
characteristics. There shall be one keyword per line. All section statements (except blank lines) shall
start with a keyword and end with semicolon (ASCII decimal 59), but can span multiple text lines. See
Appendix B for alisting of statement keywords.
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Throughout this document, the word " keyword" shall refer to the capitalized reserved word that names
the statement. The phrase "keyword statement” shall refer to the entire statement, including the keyword,
all of the parameters, and ending with the semi-colon character.

3.4 Parameter Rules

Parameters are separated from each other by a comma character (ASCII decimal 44). The occurrence of
optional but omitted parameters will be denoted by the appearance of a",," (comma-comma) sequence
except where the omitted parameter field(s) extend to the end of the line. In this case the terminating ;"
(semicolon) is sufficient to denote the omitted parameter(s).

A fixed All fixed
field pa ains the
characte aned in

" (doub
character,

le-quote

Examplé:

"BOAR that the

word "

All freeffi itlve. For

example
34.1
The fall aracters.
Also idsg
string
been
of the
number
7 digit
Signated
numbers
mal 45)
ponentiation format shall be [+ ][0-9]*.[0-9]*[eE][0-9]*
p_number = 0.0£ vate £ 374x10®
p_integer = 1{0123456789}n
date format = yyyy-mm-dd (numeric) - yyyy = year, mm = month, dd =day i.e,

1997-02-23

3.5 Coordinate Rules

The GenCAM file uses Cartesian coordinates, where the x coordinates become more positive going from
left to right (west to east), and the y coordinates become more positive going from bottom to top (south to
north), as viewed looking down at the primary side (TOP) of the board, coupon, or panel (see Figure 3-1).
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The user has the responsibility to define the top of the printed board assembly. All sections of GenCAM
will use the same TOP (primary side) selected. Once the point of origin of all coordinate data has been
established, that location shall remain constant throughout the delivered GenCAM file.

When coordinates are identified by a parameter <xy_ref>, it is an indication that there are two separate
fields for the X and Y coordinate. The first field represents the X, the second field represents the Y
coordinate. The letters X and Y shall not appear in the GenCAM file, however the format is explicit in
that xy pairs are denoted by the format parameter statement, and are enclosed by parentheses. Thus, three
references to xy coordinates would result in three number sets, separated by commas i.e., (4937, 5178),
(5937, 6492), (4326, 7893). Additional spaces to improve readability are optional.

Viewing Primary Side

wingyPrimary Side

Multilayer Board

Note: For those printed board assemblies that have
components on both sides, any side may be
designated as the primary side and used to
define Conductive Layer 1 \PC-1-002254

Figure 3-1 Printed Board Viewing

3.6  Transformation Characteristics

The transformation parameter, <xform>, is used throughout this specification to define the location and
orientation of physical features. Any primitive within the GenCAM file may be transformed by changing
their characteristics. The transform includes placement, rotation, scaling, and mirror image changes. The
transform is unique to a particular primitive, be it a standard or a user-defined primitive, the following

rules apply:
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<xform> <xy_ref>, [<rotation>], [<mirror>], [<scale_factor>]

<xy_ref> = (<x_offset>, <y_offset>)

<rotation> = <angular_measure>

<mirror> = MIRROR - indicates that all x-values go to minus x-values.
<scae factor> = p_number - Scale multiplies al dimensions proportionally.
<x_offset> = number

<y offset> = number

An additional transformation parameter, <location>, is also available in GenCAM. The <location>
parameter is similar to the <xform> parameter except that the <scale factor> parameter is not permitted.
The intent of <location> is to prevent CAD or CAM systems from scaling those items where a change of
scale is ot appropriate. Therulesfor <localion> are.

<location> = <xy_ref>, [<rotation>], [<mirror>]
<xy_refp = (<x_offset>, <y_offset>)

<rotatiop> = <angular_measure>

<mirrory = MIRROR - indicates that all x-values
<x_offsgt> = number

<y_offsgt> = number

3.6.1 [ Scale factor description

Scale f& : \ iedasa

multipli ) ‘ s gardinate, text, or other primitive

dimens [

3.6.2

The rot clockwise

direction. a;LpIied to

text, or ¢

Mirror i ue.

The mir ; ; (14 pin

DIP devi » andhottony of a board at 90 degree rotations. The following points should

be noted:

1. The oard. It
coul TOP or
BO] the origina shape will always have <rotation> = 0 and <mirror> = 0.

2. All shapes are viewed from the TOP of the board looking down and through the board.
3. Mirforingshall be applied before rotating.

4 M I RORP mirrarac thn cAammnanant ahca g thiavy avic Af thnan haavrd Airrarina 1o nat Aana Al o + he X or
. RO OrStHC-CoMmpontiradoottHE -y oXTS O tHCO0ar G v Ormig TS ot Gonc oot y

axes of the component. The x coordinates of the shape become negative, the y coordinates remain the
same.

5. Rotation is always counter clockwise as viewed from the right edge of the board, even if the
component is on the BOTTOM.

6. Lands associated with the body go through the same shape mirroring and rotation.

7. Rotation and mirroring do not affect the component position on the board. The component is still
placed using the shape origin.

8. Thesamerules apply to all GenCAM shapes, i.e. pads, patterns, artworks, boards, and panels.
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Initial )
Primitive = Mirror
o
&
o
&
O
Rotate Counterclockwise
1L 1L
|CCI'3CI|:IC'C |_i|::|{_'|r_::3-::||.'_‘.
2
|)|__|;;u:-r3|:|o:: [GD.’.‘.-E}QGG
Rotate Counterclockwise
Ll L
N
P
Rotate
&Sj:)\ﬁ/ noo J
oy £
fall=lal C-|_ﬂ
iryor and Rotate Diagram
3.7 O
GenCA board and printed board assembly data in a single fije. The
information clectronic assembly or multiple electronic assemblies that {may be
manufag Thus the rules for the boards, assemblies, panels and fixtufes have
specific it sSegmentation of data within supporting data sections.
3.7.1
The keyword USEDIN is the identifier that permits grouping of data pertinent to one or morg boards,
assembl les—paneals—oerthdures—Hhe-tse-of-the- USEBHN-keyword-statementts-mandatery—and-shall be
identified in every section as pertaining to those items contained in the HEADER section where the
names are assigned.
ASSEMBLY': <usedin_name>, <assembly_name>, <assembly _number>, <assembly_revision>;

BOARD: <usedin_name>, <board_name>, <board_number>, <board_revision>;

PANEL

: <usedin_name>, <panel_name>, <panel_number>, <panel_revision>;

FIXTURE:<usedin_name>, <fixture_name>, [<fixture_number>], [<fixture_revision>];

The <usedin_name> is unique only to the specific GenCAM file. A different name shall be assigned to
each product defined in the HEADER section. Duplicating these names shall not be permitted. It is
recommended that the selection of <usedin_name> have significance to those using the GenCAM file.

8
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Support sections (i.e. PRIMITIVES, ARTWORKS, PATTERNS, ROUTES, COMPONENTS etc.) shall
contain the indication to which <usedin_name> product the data belongs. If al of the datais pertaining to
al products in the file, the USEDIN statement will have al usedin_names indicated in a string.
Alternatively, the data may be segmented by multiple occurrencesin a section. The USEDIN statement is
modal, and shall apply to all data that follows until the occurrence of the next usedin statement, or the end

of the section.

3.7.2  Explicit Definition

All data is explicitly defined, there is no implied change of data. For example, placing a component on
the bottom of the board does not imply that its shape is mirrored. The shape shall be explicitly given a

mirror garameter if the shape needs mirroring.

3.7.3 | File Readability

When spveral keywords are used to define or add additional information ¥Q ) are
keywords shall be indented under the parent to which they belong./” Tt A

throughout the file and be a minimum of two spaces. This same
keywords between the start and the end of a section, i.e., $BOAR

bNnsi stent

indent all

he TAB

(ASCII
Thus, tH
spaces
string (
GenCAl

The usg
spaces

vl file.

of additional spac

pecimal 9) is not allowed when indenting blocks

e rule applies throughout the GenCAM fil
keywords are indented between the beginni
e permitted between any paramet
etween quotes); spaces are insignifi

ot different increments
particular parameters align

ces that
indenture,
within a
ity of the

,lor more
to have

4 GEuERALag;g

The follpwing form id the reader in understanding the rules defined in this standard.
Sections ’ dyexamples in this format (BNF*) key. The text in Sgctions 4
through ntions. In the case of differences between the text and the BNF, the
BNF sh orpplete summary of the BNF descriptions of GenCAM is available on
the web .org/docs/bnf/index.html.

- denotes a single parameter field
- denotes a single optional parameter field
- denotes exactly one of A.

0{<>}n - denotes zero or more occurrences of a parameter field

{A|B|C} - denotes exactly oneof A orBor C

{A&B&C} - denotes exactly one set of A and B and C (no order isimplied)
{A|B|C}2 - denotes no fewer than one, but no more than two of A, B or C.
H{A&B&C}2 - denotes at least one set, but no more than two sets of A, B and C.
{A|B|C}n - denotes some non-zero number (n) of A, B or C.

{A & O{B}n& C}

- denotes exactly one set consisting of asingle A and asingle C and
from zero or more occurrences of B

*Format popularized by John Backus and Steve Nauer

The convention within this document is that the parameter that applies to an item’s name where it is

defined,
(called),

used the syntax “...

_name” (e.g. <circle_name>). Where the defined item is later referenced

the syntax “..._ref” isused (e.g. <circle_ref>).
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4.1  Description of Primitives

Many of the details within the various GenCAM sections require the ability to describe shapes. The
PRIMITIVES section of a GenCAM file is specifically for defining and dimensioning these shapes.
GenCAM supports the use of three distinct categories of standard shape primitive descriptions. Graphic
Primitives, Simple Primitives and Complex Primitives. In addition, GenCAM supports the ability of the
user to extend the collection of standard primitives.

GenCAM Graphic Primitives are single, line and arc segments.

[ INF

CIRCARC EllIPARC

GenCAl

GenCAl
design g

The Standard Primitives collection can be

keyworg
single-if
GenCAl

42 G

The def
regions
through
These d
fill metk
the PRI

421

The LIN
describe
end mol

S the chara
Hifications,

possiblg

VI Simple Primitives are common, closed shapes.
CIRCLE RECTCENTER

M Complex Primitives are special shapes that are commor
Ind manufacturing industry.

RECTCHAM RECTROUND

DIAMOND HEXAGON
DSHAPE THERMAL

parameters.

. The statements LINEDESC and PAINTDESC also
file.

d.shall be followed by a line description name. The LINEDESC
tics of the line and includes the line width, the line type, the end charag
and color. The following format for LINEDESC includes al the optiong

ectronic

rds. The

POLY GON can be used to define 5enCAM Graphic Primitives that form a
hage closed reglon pbe used to define and name a group of
5enCAM Primitjve
ault condition o ~ imi efinition is as a solid, but zero-width line, with all closed
being unf} [ e provided with texture to override the default dondition

the use O enhancement descriptors LINEDESC and PAIN|[TDESC.

aprivitive to identify its line width, type and end treatment, or the

reside in

eyword
teristics,
and all

Format:

LINEDESC: <linedesc_name>, <line_width>, [<line_end>], [<color_ref>], [<line_type>],
[<line_space>], [<line_length>], [<line_mod>], [<xmod_end>],
[<dim_A>], [<dim_B>], [<dim_C>];

Note: <line_type> defines the characteristics of the line that includes the line type designation and any dimensions associated
with the line type. (see Figure 4-1) The default for <line_type> is SOLID. The default for <line_end> is ROUND with an
<end_mod> of NONE. If no color is referenced, the default color is 0, 0, O (black).

10
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4.2.1.1  Line width parameters <line_width>

Line width parameters shall be specified for primitive enhancers. Line width parameters specified for
circles, rectangles and polygons determine the width of the perimeter line of these closed figures. When
there is more than one dimension of <line width> within the GenCAM file, the LINEDESC keyword is
used multiple times and the differences are identified by the <linedesc_name> in order to be able to refer
to that particular line description.

Example:
LI NEDESC: "linel", 3.0;

A|solid black line, 3.0 mm wide with round line ends

4.2.1.2 | Line type parameters <line_type>

GenCAM supports the line types SOLID, DOTTED, DASHED, CENTER g ine type
parameters other than SOLID shall define the spacing characteristics for those li in Figure 4-1.
The words used for line type parameters are reserved, fixed field ' icated in

. bwed by
definitigns of spaces and length of dots, dashes, center-li n?A'L.\
SOLID = (7A

DOTTED
DASHED

e Type Parameter Descriptions

.0, , , DOITED, 2.5;

um diameter for the dot, 2.5mm for the space between dot centers.

LI NEDESC., " 1ine3",1.0, , , CENTER 1.5, 2. 8;

A dashed, dot, dash line, 1.0mm wide (also dot diameter), 1.5mm space between dot center and
start or ending of dash, 2.8mm for length of dash.

4.2.1.3  Line end parameters <line_end>

The default for line end parameters is ROUND. When other parameters are used, they shall be denoted
according to Figure 4-2.

11
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<line_end> designations are:

ROUND & B
SQUARE L *
NONE -+ -

Figure 4-2 Line End Parameters

Note: Thewords ROUND, SQUARE, and NONE are fixed field parameters and are reserved words.

4.2.1.4 | Line end modification parameters

Regarding the tear-drop, sub-land or other modifications to ling’e rsthe’processing attriutes are
defined jn this format. (The figure generation for these modific allbe perfoprned in each{CAD or

CAM system). (see Figure 4-3)

<line_mod> designations:

Figure 4-3 Line End Modification Parameters

The special line end modifications are defined by the fixed field parameter (TP, TD, SL1, SL2 or NONE);
where NONE is the default parameter. The dimensions that describe line end modifications are A, B, and

Casindicated in Figure 4-3. Thewords TP, TD, SL1, or SL2 are fixed field parameters.

The parameter <mod_end>, defines which end of the line is modified. There are three fixed field
parameters that may be used to describe the requirement. The <mod_end> designations are:

BOTH: fixed field parameter for modifying both start and finish of line ends
START: fixed field parameter for describing the start point of aline
FINISH: fixed field parameter for describing the last point of aline

12
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Note: Thewords BOTH, START, and FINISH are fixed field parameters.

Examples.

LI NEDESC: "Line9", 1.0, SQUARE , , CENTER, 40.0, 8.0,
TP, BOTH, 2.5, 1.3,

A center ling, black by default, 1.0 mm wide, where the length of the dash is 40.0 mm and the
clearance between the center of the dot and the beginning and end of the dash is0.8. Since the line
ends are sguare, the dot is aso square - 1.0 mm x 1.0 mm). Both ends of the line segment are

F

tapered
LI NE[ISC: "linel0", 1.0, ROUND, "Red", PHANTOM 25.0 $TART,
2.0, 1.7, 1.6;

Al red phantom line, 1.0 mm wide, where the dashes are 250 s ) ce from
beginning and end of the dash to the center of the dot, or the di Nols ) rsis 8.0
mm. The starting end of the line is a teardrop, while the opposite endY

4.2.2 [PAINT parameters (PAINTDESC)

The PAINTDESC keyword shall be followed by a paj figure 4-
4 and the appropriate parameters for HATCF
PAINTIDESC: <paintdesc_name>, <paint_t N ing width>], [<pitch1>],[<anglel>],

[<pitch2>], [<angle2>];

VOID -

Figure 4-4 Paint Designation

Tlhepaint default iSHOLLOW.
Hor'WYESH and HATCH, the default angleis 45.
The default color is 0, 0, O (black).

When combined with other primitives, the result of aFILL, HATCH, MESH, and HATCH with aVOID
are shown in Figure 4-5. The implication in Figure 4-5 is that a LINEDESC description has also been
invoked either separately or as part of a single record to provide the outline of those shapes that are
painted with MESH, HATCH, or VOID. It should aso be noted that if aVVOID isinstantiated in a FILL,
the LINEDESC is not required.

13


https://iecnorm.com/api/?name=e5c172747dadefadd1442b984988e807

Copyright © 1998, IPC; 1999, IEC
IPC-2511 GenCAM November 1998

circle - FILL rectangle - MESH

rectangle - HATCH Polygon
with VOID

Figure 4-5 Paint Descriptions

ERASE|and VOID remove the immediately previous, positive ing A ID only
extends|the VOID and does not remove a second positive instance

42.3 Rules of Precedence

Both the LINEDESC and PAINTDESC statements 8.2 optio - rel . addition

o [ ausing a
conflict jwith the <co|or_ref> on the defl iti that the
<color_ref> specified of the more globa “enhancen , C) shall
overridg not only the default of the language, but a t. If no
texture ifs provided, the definition statemen bcedence
and indi (T work or
pattern.

I :
% texttges included in the definition of an ar

No Texture
Provided

Usage
ove
referenced __ NUN_ NN . /2 _____] __| Definition
primitives Texture
and a Overrides

GenCAM Texture Defaults

SOLID
WIDTH (0)

Texture Point of No Texture BLACK
Definitions Definition Definitions HOLLOW

Figure 4-6 Rules of Precedence

4.2.4  Rules for Shape Descriptions

Shapes can be needed in many sections of the GenCAM file where they may be used to describe a
conductive trace, a board outline, a hole, a drawing etc. Many instances of the same shape, in the same
dimensions may be needed in different places in the GenCAM file. In recognition of this, GenCAM
supports the reuse of distinct shapes through definition and reference rules.

14
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GenCAM Standard Simple Primitive and GenCAM Standard Complex Primitive statements can appear in
three forms. The first form, Named Form, is adefinitional form, and can appear only in the PRIMITIVES
section of the GenCAM file. The syntax of the Named Form does not support enhancement or
transformation parameters. The other two forms are instance forms. The first of these, the Reference
Form, creates a primitive instance by referencing a previously defined, Named Form primitive. The last
form, the Un-named Form, creates an in-line instance definition. Unlike the Named Form, the syntax for
these Reference and Un-named instance forms support enhancement through reference to a named
LINEDESC and/or PAINTDESC. When used, both of these instance forms shall be owned by a higher
order statement and shall be provided with alocating <xform>.

Named [d€ P P

PRIMIT|IVES section where they are grouped and analyzed for completeness.

file would have all enhancement descriptors (i.e. LINEDESC, PAINTDESC) and-all named primitive
descript : d in the

PRIMIT
correct |

d at the

43 9
The Ge hoi nts of
their def orm and
no Refe
enhance EDESC
definitia

4.3.1 | Straight line (LINE)

A gtraight line shall have all
its context. (See Figure 4-7)

based on

Form:

PRIMITIVE Sectig>

, [<linedesc_ref>], [<color_ref>];

be overridden by the color reference in the LINEDESC definition, if any.

End xy

Start xy

Figure 4-7 Line

15
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Example:

PRIMITIVES Section:
LINE: (4973, 2967), (4735, 6524);

All Other Sections:
LI NE: (4973, 2967), (4735, 6524), "line3", "cyan";

4.3.2  Circular arc (CIRCARC)

The keyword for a curved line may have one or two types of characteristics. Those characteristics
identify a segment of a circle or an ellipse. The descriptions of the two types of curved lines are slightly
different. The smpler isthat of acircular arc (Figure 4-8).

Form:

PRIMIT|IVES Section:
CIRCARC: <start_xy>, <end_xy>, <center>, [<direction>];

All Othér Sections:
CIRCARC:<start_xy>, <end_xy>, <center>, [<directi

@,
V,
)
o
o
=
=
@,
—

Note: <dijrection> is equal to clockwise (CLKW) or counterclocl W)\Thedefault is counterclockwise. QLKW and
CCLKW gre GenCAM reserved words.

Thefirsf pa ter isthe-st dinate of the arc, the second parameter is the end coordinate of the arc,
and the thi e

Examplés.

PRIV ITIVES Section:
Cl RCARC. (1000, 0), (0, 1000), (0, 0);

All Other Sections:
Cl RCARC: (1000, 0), (O, 1000), (O, 0), "line3d", "gray";

The CIRCARC shall be drawn from the start <start_xy> counterclockwise about the <center> to the end
<end_xy>, unless the direction parameter is defined as clockwise.

Note: Great care must be taken with the coordinates and direction of rotation when trandlating arcs from various CAD systems.

16
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4.3.3  Ellipse arc (ELLIPARC)

The ELLIPARC is drawn from the start coordinate counterclockwise about the two focii to the end
coordinate, unless the direction parameter is defined as clockwise (CLKW). ELLIPARCSs are limited to
greater than 0, and up to 360 degrees of rotation. Parabolic or hyperbolic curves are not supported.
Rectangular coordinates are always used. (see Figure 4-9)

Elliptical arcs can be defined by the following characteristics once the description has been defined:
Form:

RIMITIVES Section:
ELLIPARC: <start_xy>, <end_xy>, <focusl>, <focus2>, [<direction>];

All Other Sections:
ELLIPARC: <start_xy>, <end_xy>, <focusl>, <focus2>,
[<direction>], [<linedesc_ref>

Note: <djrection> is equal to clockwise (CLKW) or counterclockwise (CCLK W) \T hi default-1S'countercldckwise. QLKW and
CCLKW gre GenCAM reserved words.

The first parameter is the start coordinate of the arc, the seg i d coordinate. The third
and founth parameters are the two focci of the ellipse.

-
—‘——

(400, 200), (-400, 0), (400, 0), CLKW

-200), (400, 200), (-400, 0), (400, 0), CLKW
i ne3", "Bl ue";

4.4 GenCAM Standard Qimlnlp Primitives

GenCAM Standard Simple Primitives are common, closed shapes. Unlike the GenCAM Standard
Graphic Primitives, their definitions do not explicitly define their location. Instead, each has an
understood point-of-origin to which a transformation shall be applied (See Section 3.6).

All three of the statement forms can be applied to GenCAM Standard Simple Primitives. Only the
Named Form shall be valid within the PRIMITIVES section.

17
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441

Circle (CIRCLE)

Named Form:

CIRCLE: <circle_name>, <diameter>;

Reference Form:

Un-nam

CIRCLE: <circle_ref>, [<linedesc_ref>], [<paintdesc_ref>], [<color_ref>], <xform>;

ed Form:

A circlg

end pargmeters are not applicable, since a circle has no beginning and no

orcanb

e filled, solid, mesh, or hatched. (See Figure 4-10)

,"white", (16.3, 18.9);
‘white", (16.3, 18.9);

br. Line
outline,

n of the

Note: Inf{ Qle2" defaultsto aline width of 0.0 and/or PAINT of HOLLOW.
4.4.2
The foll or a rectangle whose descriptions are identified by the corner definitig
rectangl
Named
RECTCORNER: <rectangle_name>, <p1>, <p2>;
Reference Form:

RECTCORNER: <rectangle_ref>, [<linedesc_ref>], [<paintdesc_ref>], [<color_ref>],
<xform>;

18
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Un-named Form:

RECTCORNER: <p1>, <p2>, [<linedesc_ref>], [<paintdesc_ref>], [<color_ref>], <xform>;

Note: The transform parameters apply to the point of origin of the RECTCORNER since it can be located by its defining points.

Note: The point of origin is (0, 0). Thisisusualy the lower left corner of the rec

plane, but]

Note: Any rotation is of this shape is about the point 0,0; not about P1 or P2.

Examples.

443

All othe
rotation
those w
rounded
(identifi

The foll
the rectd

Named F

Referen

P2

P1

Figure 4-11 Rectangle (corner)

its instances can be rotated to any angle.

RECTCORNER. "rect 6",
RECTCORNER. "rect 6",
RECTCORNER: (0, 0),

corner, anghthose
bd as co @ it

e Form:

n the XY

rpose of
hese are

qitives), those with the chamfered corner, thoge with a
is aradius equal to half of the height of the rectangle

center of

RECTCENTER: <rectangle_ref>, [<linedesc_ref>], [<paintdesc_ref>], [<color_ref>], <xi

Un-named Form:

RECTCENTER: <x_dimension>, <y_dimension>, [<linedesc_ref>], [<paintdesc_ref>],
[<color_ref>], <xform>;

orm>;
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)
+ y
Y
|- ——— X —_—
Figure 4-12 Rectangle (center)
Note: The center of the rectangle RECTCENTER is understood to coincide with 1/2X and led by the
center (infthe direction originally described) followed by the xy coordinate.
Examplés.
RECTCENTER: “rect3”, 1.6, 2.8;
RECTCENTER: “3x4”, , “FillViolet”, ;
RECTCENTER: 1.6, 2.8, "linel2", “H (4.35, 3.165);
45  GenCAM Standard Complex Primitives
GenCA apes which are commonly used
throughout the electronics design and manufacturing in . Li e Standard Simple Primities, their
definitig : understood point-of-origin to which a
transfor
All thre AM Standard Complex Primitives. QOnly the
Named
451
Thefall hi0se description includes a chamfer at each corner. (see Figure
4-13)
Named
Reference Form:
EeTeHAM: |U\,tb:|a|||_|€f f [ “llcdca.,_lef ], [ pailltdcu,_lef ], [ \,u=U|_|€|‘ ], AfU|m>;
Un-named Form:

RECTCHAM: <width>, <height>, <chamfer>, [<linedesc_ref>], [<paintdesc_ref>],
[<color_ref>], <xform>;
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W
H
l C*
W = Width
H = Height
C= Chamfer

Figure 4-13 Chamfered Rectangular Primitive

Note: The chamfer size is the length of one leg of the chamfer. The chamfer is 45°.
horizontal| position. The center of the rectangle is the point of origin.

45.2 [ Rectangle, Round Corners (RECTROUND)

The follpwing rules apply for a rectangle whose descriptiop
4-14)

Ch corner. (see Figure

Named Form:

Referengce Form:

RECTROUND: <re orm>;

Un-named Form:

RECTROU

W = Width
H = Height
R = Radius

Figure 4-14 Rounded Rectangular Primitive

Note: The rounded rectangle is defined in the horizontal position. The center of the rounded rectangleisits point of origin.
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453 Rectangle, Rounded Ends (OVAL)

The following rules apply for a rectangle whose description includes a complete radius at each end. (see
Figure 4-15)

Named Form:
OVAL: <ova_name>, <width>, <height>;

Reference Form:

OVAL: <oval ref>, [<linedesc ref>], [<paintdesc ref>], [<color_ref>], <xform>;

Un-named Form:

OVAL: <width>, <height>, [<linedesc_ref>], [<paintdesc_ref>],

Note: For
the OVAL

b center of

454

The D-ghaped re S-are smifar to the other rectangle shapes except that the corner definitiof is only
on one . ‘ 5 bctangle.
Therefo The D-

DSHAPE: <dshape_name>, <end_shape>, <orientation>, <width>, <height>, { <radius> |
<chamfer>}1,

Reference Form:

DSHAPE: <dshape _ref>, [<linedesc_ref>], [<paintdesc_ref>], [<color_ref>], <xform>;
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Un-named Form:

DSHAPE: <end_shape>, <orientation>, <width>, <height>, { <radius> | <chamfer>}1,
[<linedesc_ref>], [<paintdesc_ref>], [<color_ref>], <xform>;

The <end_shape> parameter is one of “ROUND”, "FILLET", or "CHAMFER". North is where the fillet,
round, or chamfer end is located. Thus, all primitive references are defined in their north direction.
Calling for a south orientation would take the DSHAPE illustration shown in Figure 4-16 and rotate them
180° using the <xform> modifier for rotation. The radius/chamfer definition for a round D-shaped
rectangleis¥2W. Therulesfor the <end_shape> fixed-field parameters are:

<end sfgpes = {ROUND [FILLET [CHAMFER}T

(9]

_l_ LH:’_F‘
=

W = Width
H = Height

Note: The
point of ofigin.

hgle is the

455 Rectangle, Rotated
A diamond is essentiall

eorners pointed north, south, east, and west. The

characteristics of t 7 indicate that the sides are always equal. However,
since bgth a he@ ‘ 5 S the diamond, the "H" and "W" dimensions ¢ould be
different, therefore providiny a dialmend\hay’is elongated either horizontally or vertically. The|rule for
diamonds i 2 and . sauth porwt” pair and the east and west point pair must aways I{e in the

same plane. i nit{oh Re complex primitive diamond is:

Named F

Reference Form:

DIAMOND: <diamond_ref>, [<linedesc_ref>], [<paintdesc_ref>], [<color_ref>], <xform>;

Un-named Form:

DIAMOND: <width>, <height>, [<linedesc_ref>], [<paintdesc_ref>], [<color_ref>], <xform>;
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H
w
W = Width
H = Height
Figure 4-17 Diamond Primitive
Note: The center of the diamond is defined with its major axis pointing north. The cg origin.
456 |HEXAGON
The hexagon complex primitive is defined with the pairts | Kxform>
parameter can change the orientation when a hexagon is/referenc ed form.
The rulgs for hexagons are that they are a six-sided bs being
equal. Therefore, the only dimension that 5 3 (s of the
hexagor
Named
Referen
Un-Nan

Pointto Point

Figure 4-18 Hexagon Primitive

Note: The direction of points defines the way the hexagon is oriented. The center of the hexagon is the point of origin for this
complex primitive.
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457 OCTAGON

The octagon is an eight-sided primitive where each of the eight sides is equal. The octagon is defined
with the flat surfaces in the horizontal and vertical plane. The only dimension needed to describe the
octagon is the distance across the points which occur at 22%2° off the horizontal or vertical planes. The
following rules apply and areillustrated in Figure 4-19.

Named Form:
OCTAGON: <octagon_name>, <point_to_point>;

Reference Eorm:

\4

(OCTAGON: <octagon_ref>, [<linedesc_ref>], [<paintdesc_ref>], [<cale

Un-named Form:

(OCTAGON: <point_to_point>, [<linedesc_ref>], [<paintdesc S m>;

Point_to_Point = Dipmensjon

Note: The point of originis the
4.5.8 THERMA: >
Thermal various

characteristics. 3 gjuare, round or octagona and have varying numbers of| spokes.
Therefo FQrthern are intended to cover al the variations that can exist for thermal as

shown i FA

It should be at there are no LINEDESC or PAINTDESC requirements for thermals. The
default ¢onditian*o mals is that they remove material of a plane, assuming a PAINTDESC of VOID.
Thus, aROUND thermal primitive with four spokes would have four separate areas of material femoved
inaplane

Therulesfor thermals are;
Named Form:
THERMAL: <thermal_name>, <therm_shape>, <outer_diameter>, <inner_diameter>,

[<spoke_count>], [<spoke width>], [<spoke_start_angle>],
[<spoke_end_shape>];
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Reference Form:

THERMAL.: <thermal_ref>, <xform>;

Un-named Form:

THERMAL: <therm_shape>, <outer_diameter>, <inner_diameter>, [<spoke_count>],
[<spoke width>], [<spoke_start_angle>], [<spoke_end_shape>], <xform>;

The <therm_shape>, fixed-field parameters are:
<therm_shape> = {ROUND | SQUARE | OCTAGON} 1

One of these is required for each thermal defined. In addition, the <spoke end
fixed-figld parameters. They are:
<spoke |end shape> = {ROUND | SQUARE | PARALLEL}1

as three

The defgult condition for the optional parameters of thermals are:

<spoke |count> = 0

<spoke |width> = the <inner_diameter> subtract
<gpoke |start angle> = 45 Degrees

<spoke |end_shape> = SQUARE

Note: If the <spoke count> is not defined (zero), th

thermal stape (see 4.5.8.1).
#
N
\(\ e Square end
-
Xé_ \/A U U

Nt a donut

—

; 1D Round end

Parallel end

SE = Spoke end type

Figure 4-20 Square Thermal Primitive
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=

OD

Round end

LD
] %4
SHAPE = Round Parallel end
OD = Outer diameter
ID = Inner diameter
A = Spoke Start Angle
# = Number of spokes
SP = Spoke width
SE = Spoke end type

Figure 4-21 Round Thermal Pyi

N %@
OD< %)/E

Round end
N\ o
D —

Square end

Figure 4-22 Octagonal Thermal Primitive

- j ary thermal
primitive configurations can be generated using different spoke numbers and end types. The center of the overall thermalsis the
point of origin of the primitive.

458.1 Donuts

Donuts are thermals that have no spokes. They are used many times for non-functional lands on an
interlayer plane, where the land is not connected to the plane. GenCAM defines donuts using the
THERMAL statement. The donut-shape may be either round, square, or octagon shaped and is illustrated
in Figures 4-23, 4-24, and 4-25.
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oD

ID

j —T—
OD= Outside Diameter

D= Inside Diameter

Figure 4-23 Donut Round

A typical example of a donut used as a thermal would be:
Named form:
THERVAL: "l andl12", ROUND, 12.5, 12

Reference Form:

THERMAL: "1 and12",

Un-named Form:

THERVAL: ROUN , (1200, 2400);

OD= Outside Diameter
ID=  Inside Diameter

Figure 4-24 Donut Square

Note: It should be noted that the characteristics for shape of the donut is either ROUND, SQUARE, or OCTAGON. The center
of the ROUND, SQUARE, or OCTAGON donut is the point of origin.

28


https://iecnorm.com/api/?name=e5c172747dadefadd1442b984988e807

Copyright © 1998, IPC; 1999, IEC
IPC-2511 GenCAM November 1998

D = Outside Diameter

Figure 4-25 Donut Octagon

4.6 GenCAM User-Defined Primitives

User primitives are those that are defined as single images using the
statements. The POLY GON, POLYLINE statements are followe
named fForm instance definitions as are necessary to complete
relation,| the primitive statements are indented for readabilit

POLLYLINE
rm angl/or Un-
vnership

ROLYG

[ ere

46.1 |[POLYLINE

Polylings are any shape that is defined by.a collecti | ) S. All of
the enhgncements for line segments are app ) [

Named form:
POLYLINE: <polyl

>

: <start_xy>, <end_xy>, <focusl>, <focus2>,
[<direction>];

Referen

lyline_ref>, [<linedesc_ref>], [<color_ref>], <xform>;

Un-named Form:

Y1 INE: [<linedesc ref>], [<color ref>]:
> e}
LINE: <start_xy>, <end_xy>, [<linedesc_ref>], [<color_ref>];
| CIRCARC: <start_xy>, <end_xy>, <center>, [<direction>],
[<linedesc_ref>], [<color_ref>];
| ELLIPARC: <start_xy>, <end_xy>, <focusl>, <focus2>,
[<direction>], [<linedesc_ref>], [<color_ref>];

< In

The Reference Form and the Un-named Form are referred to throughout this document as
<polyline_builder>. Therulesfor <polyline_builder> are:
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<polyline_builder>

4
POLYLINE: <polyline_ref>, <linedesc_ref>, [<color_ref>], <xform>;
| POLYLINE: [<linedesc_ref>], [<color_ref>];
> e}
LINE: <start_xy>, <end_xy>, [<linedesc_ref>], [<color_ref>];
| CIRCARC: <start_xy>, <end_xy>, <center>, [<direction>],
[<linedesc_ref>], [<color_ref>];
| ELLIPARC: <start_xy>, <end_xy>, <focusl>, <focus2>,
[<direction>], [<linedesc_ref>], [<color_ref>];

< In
In
The Na:]:wed Form shall only be valid in the PRIMITIVES section. The Referen¢e and ﬁ forms
shall ofly appear in al other sections, and only when owned by a hig ) ; t. (i.e
ARTWORK, PATTERN, OUTLINE, etc., as shown in Figure 4-26) This bcument
asa<pdlyline_builder>.
Parent textures have precedence over child texture parameters. For e arameter
on aLINE, CIRCARC or ELLIPARC statement within the POLY LIN dden by
any <cglor_ref> parameter on the POLYLINE statemen. iSN bsC_ref>
parameters. For example, if the LINEDESC that is refer; ECribes a
SOLID scribes a
DOTTED line, then that line segment of th
Examplés.
POLYLI NE:

LI NE:

LI NE:

LI NE:

POLYLI NE: "li nesegnent ",
(0.0, 0) ;

ARTVWORK: "linesegl";
LINE: (15.0, 12.0), (22.0, 12.0),

3, gray, SOLID,
B, gray, SOLID;
ay, SOLID;

e_builder> and
linesegment”.

LI NE: |(15.0, 12.0), LINE: (22.0, 12.0), (22.0, 2.0),
LI NE: LINE: (22.0,2.0), (30.0,2.0) 3, g
LI NE:
LI NEDESE: "
ARTWORK: / Note: Thisformat is under the rules of <polyli
POLYLI NE: , (0.0, 0.0); provides the texture under the named artwork *
LI NEDESE:
Figure 4-26 Three segment line description
4.6.2 POLYGON

A Polygon is any closed shape that is defined by continuous line segments that do not cross. All of the
parameters for line segments and paint are applicable to this defined primitive. The shape of the polygon
isuser-defined. The rulesfor polygons are such that the final coordinate of the polygon shall be the same
as the starting coordinate to signify that the shape is a closed shape. There is no automatic closing
performed. Polygons are aways positioned by their point of origin. Polygons may aso be rotated about
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their point of origin in order to provide the user the opportunity to define a polygon and position it by the
coordinate and then rotate it.

Polygons may define the absence or presence of material. Figure 4-27 shows the characteristics for two
polygons that have different paintdesc characteristics.

The following rules apply:
Named form:

POLY GON: <polygon_name>;
> X
LINE: <start_xy>, <end_xy>;
| CIRCARC: <start_xy>, <end_xy>, <centg
| ELLIPARC: <start_xy>, <end_xy>, <f0¢
[<direction>];

< In

Reference Form:

\4

POLY GON: <polygon_ref>, [<linedesc_ref>], [<p or_ref>], <xforms3

Un-Nan

>, [<linedesc_ref>], [<color_ref>]
end_xy>, <center>, [<direction>],

The R4 ~ 3 the ¥named Form are referred to throughout this document as
<polyggn_builder gon_builder> are:

<polygagn_build
POL Y GON: <polygon _ref>, [<linedesc_ref>], [<paintdesc_ref>],
[<color_ref>], <xform>;
| POLY GON: [<linedesc_ref>], [<paintdesc_ref>], [<color_ref>];

2{

LINE: <start_xy>, <end_xy>, [<linedesc | ref>] [<co|or ref>]

(WallnYa¥.WenTal ot el P~ H an
IR ZALAT J.(Jll. I\y y eht l\_y y L,CIILCI ,l UIIUJLIUII J,

[<linedesc_ref>], [<color_ref>];
| ELLIPARC: <start_xy>, <end_xy>, <focusl>, <focus2>,
[<direction>], [<linedesc_ref>], [<color_ref>];

< In

In
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Examples.
PCLYGON: "line6", "HATCH6", "Bl ack";
LINE: (0, 0), (5, 0); [pl to p2]
LINE: (5, 0), (5, -1); [p2 to p3]
LINE: (5, -1), (8, -1); [p3 to p4]
LINE: (8, -1), (8, -6); [p4 to p5]
LINE: (8, -6), (1.5, -6); [p5 to pé]
CIRCARC. (1.5, -6), (0, -4.5), (1.5, -4.5), CLKW [p6top8|
LINE: (-4.5, 0), (0, 0); [p8 to p9]

POLYGON: "I i ne6", "VO D';
LINE: (2, -3), (4, -3);
LINE: (4, -3), (4, -5);
CIRCARC: (4, -5), (2, -5), (3, -5), CLKW
LINE: (2, -5), (2, -3);

Note: Po
angle. Th

47 O

GenCAl
primitiv
is specif

assinglei

connects

defined area

ygon deﬁn@n
e primitive nanie

'images, using standard or user-defined primitives. The resulting forn
ed, but al of the defining primitives shall reference the same point of orig

a rotation

fined as
$ section
defined
h can be
in.

The A

TWORKS section innlr_\nrfc $trinl purpose r*::nmgnrim of th_pm and_collections._of

shapes,

through the statements TARGET, LOGO, UFONT, FEATURE, as well as the generic statement
ARTWORK.

Artworks are constructed using either references to primitives as defined in the PRIMITIVES section of
the GenCAM file, or using in-line primitive definitions. Throughout this document, these are referred to
as <shape_builder> constructions.
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<shape_builder> = 1
LINE: <start_xy>, <end_xy>, [<linedesc_ref>], [<color_ref>];

| CIRCARC: <start_xy>, <end_xy>, <center>, [<direction>], [<linedesc_ref>],
[<color_ref>];

: <start_xy>, <end_xy>, <focusl>, <focus2>, [<direction>],
ELLIPARC y d_xy>, <focusl>, <focus2 directi
[<linedesc_ref>], [<color_ref>];

| CIRCLE:<diameter>, [<linedesc_ref>], [<paintdesc_ref>],
[<color_ref>], <xform>;

| CIRCLE:<circle_ref>, [<linedesc_ref>], [<paintdesc_rg
[<color_ref>], <xform>;

color_ref>], <xform>;

~Wwidth>, <height>, <radius>, [<linedesc_ref>],
[<paintdesc_ref>], [<color_ref>], <xform>;

UND: <rectround_ref>, [<linedesc_ref>], [<paintdesc_ref>],
[<color_ref>], <xform>;

| OVAL: <width>, <height>, [<linedesc_ref>], [<paintdesc_ref>],
[<color_ref>],<xform>;

LO\LAL - ol vof <l al rafsS1l [enaintdl rafs1
T OVALT. ova_TCr =, 1T=1mMCUCSC_TCT =1, TS PATItUCS. T =T,

[<color_ref>], <xform>;

| DSHAPE: <end_shape>, <orientation>, <width>, <height>{ <radius> |
<chamfer>} 1, [<linedesc_ref>], [<paintdesc_ref>],
[<color_ref>], <xform>;

| DSHAPE: <dshape ref>, [<linedesc_ref>], [<paintdesc_ref>],
[<color_ref>], <xform>;

| DIAMOND: <width>, <height>, [<linedesc_ref>], [<paintdesc_ref>],
[<color_ref>], <xform>;
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| DIAMOND: <diamond_ref>, [<linedesc_ref>], [<paintdesc_ref>],
[<color_ref>], <xform>;

| HEXAGON: <point_to_point>, [<linedesc_ref>],
[<paintdesc_ref>], [<color_ref>], <xform>;

| HEXAGON: <hexagon_ref>, [<linedesc_ref>], [<paintdesc_ref>],
[<color_ref>], <xform>;

| OCTAGON: <point_to_point>, [<linedesc_ref>], [<paintdesc_ref>],
[<color_Tef>], <xtorm>;

|[POLY GON: [<linedesc_ref>], [<pai
> A
¥eéf>], [<color_ref>]
senter>, [<direction>],

XRC: <start_xy>, <end_xy>, <center>, [<direction>],
linedesc_ref>], [<color_ref>];
LIPARC: <start_xy>, <end_xy>, <focusl>, <focus2>,
[<direction>], [<linedesc_ref>], [<color_ref>];

In
In

47.1 |TARGE

Targets |areUsed in printed board descriptions as different patterns to assist in registration of llayers to
each other, alignment of boards/panels to tooling positions, and to mark significant information on the

part, drawing, board, panel or assembly. The following targets have been designated as reserved user-
primitives. The formats are as follows:

Named Forms:

TARGET: <target_name>, <function>, { <padstack_ref> | <artwork_ref>} 1, [<color_ref>];
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TARGET: <target_name>, <function>, [<color_ref>];

> {
<shape_builder>
< }

Reference Form:

TARGET: <target_ref>, [<layer_ref>], [<color_ref>], <xform>;

A <layer_ref> parameter isrequired if the definition references or defines a multilayered artwork.
The <layer_ref> parameter is not valid if the TARGET definition references a pad stack.

Three fixed-field parameters have been reserved for the <function> parameter e JARGHT. The
reserved words are:

<functign> = {REGISTRATION | ALIGNMENT | MARKER} 1

4.7.1.1| ALIGNMENT (Fiducials)

Fiducials are solid, typically round images defined by a di
TARGHT statement with the reserved word ALIGNMENT

GenCAM [uses the

Fiducial Artwork

Note: The center of the ;d

Examplée:

TARGET: IVENT, "artwor k3", "Bl ack";

47.1.2
A butte ful as an alignment feature in phototool imaging. (see Figure 4-29) GenCAM
uses the

TARGET statement and the reserved word ALIGNMENT for this. The butterfly target|shall be
defined bs:

TARCET: "butterfly3", ALIGNVENT, "artwork1l6", “Black”;
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Equilateral Triangle
< Parameters

T A= Leg of Equilateral Triangle
A
TYP

v

Position Datum

Figure 4-29 Butterfly Artwork

Note: The point where the two equilatera triangles touch is the point of origin. The butterfly artwork-isdefined in the|horizontal

position.

4.7.1.3 | REGISTRATION (Moire)

Moire pgtterns are used to register images related to phototools. These ed astarpets that
allow tHe registration of one layer to another. Figure 4-30 shows & i uses the
TARGHT statement and the reserved word REGISTRATION for this

Examplé:

TARCET: "noirel", REG STRATION, "artwor

Note: WHen the “artwork3” isreferred to, it's coding

Examplée:
ARTWORK:
Cl RCLE: 4.
Cl RCLE:

Cl RCLE: 3
c 3
Cl RCLE

Cl RCLEx

Figure 4-30 Moire ARTWORK
Note: The center of the MOIRE pattern is the point of origin.

4714 MARKER (Bullseye)

The bullseye may also be used as a marker in many applications. (see Figure 4-31) GenCAM uses the
TARGET statement and the reserved word MARKER for this use.
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Example:
TARCET: "bul | seye", MARKER, "artworkl";

<

Note: TH

DONUT dround it.

4.7.2

A varidl
assembl
followirl

Note: Fejturesared

Named

Referen

Dot
diameter

e center of the bullseye is the point of ongi

g symbols are

-orm:

<shape_builder>
}

cefEorm:

illed, and a

FEATURE
y of features exist that ag used d board
y. Some of thesg S cteristic foy defining polarity of electronic components. The

4721

The Plus-Sign is a set of lines that cross one another as defined in Figure 4-32.

FEATURE: <feature ref>, [<layer_ref>], [<color_ref>], <xform>;

FEATURE - Plus-Sign

characteristics exist and are defined for the cross;

FEATURE: "plus_signl", , FILL, "Black";

POLYGON: "Crossl";
LINE: (-1, -4), (-1, -1);
LINE: (-1, -1), (-1, -1);
LINE: (-4, -1), (-4, 1);

The following
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LINE: (-4, 1), (-1, 1);
LINE: (-1, 1), (-1, 4);
LINE: (-1, 4), (1, 4);
LINE: (1, 4), (1, 1);

LINE: (1, 1), (4, 1);

LINE: (4, 1), (4, -1);
LINE: (4, -1), (1, -1);
LINE: (1, -1), (1, -4);
LINE: (1, -4), (-1, 4);

Parameters

Position Datum

Figure 4-32 Crosshair A

Note: The center of the crosshair is the point of ori

The Crgsshair could also be defined in ART fore, the
ARTWORK name identifies "rectanglel” ' ' having
the dimgnsions "B" and "C".
4722 | FEATURE -Ri
The diogle feature isa tria figure 4-

33. Thg

followi n@a&: s

FI

., » », (0, -0.5);

" Equilateral Triangle Parameters
A= Leg of Equilateral Triangle
A

B= Width of Bar
C=Length of Bar

TYP
\ e

Position Datum

Figure 4-33 Diode Artwork Feature
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Figure 4-34 shows the shape constructions that are supported by GenCAM, and their relationships to each

other.
BOARD, PATTERN, PACKAGE, PADSTACK
Association ~ - ROUTE, PANEL, FIXTURE Y
___________ PCB/PCA "Thing"
Descriptors PCB/PCA "Thing"
Instance

Instance

SYMBOL

7YFONT

Defined - .
bscriptors £ — — 7

Arfwork

ARTWORK

o]

4.7.3

All text and the
upper X

<text>

The <foht_ref> may reference any acceptable font known in the printing industry. True-Type ™ fonts are

available invboth UNIX and PC based CAD and CAM systems, but it should be noted that they are not
necessarily identical from system to system. Another acceptable font is Open-Type ™. If not specified,
the default font for GenCAM is Helvetica.

It isimportant that all text is enclosed in atextbox. This includes upper and lower case letters, as well as
all line widths, line descriptions, and line ends. (see Figure 4-35)
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Figure 4-35 Text box to round end character relationships

4.7.3.1  Text character height

Text character height shall be controlled by the text box and isidentified asin Figure 4-36. The height is
positive; a negative height is accomplished through mirroring. Character height is expressed in

incremeftal units of the dimensional characteristics of the fiTe, through the Timits
text box{ Both upper and lower case letters shall be inside the text box. Includ
the extensions of such descending letters as lower case"g", "q", "y", "j" and "

Height (positive)

Height (negative)
Figure 4-36 Text

4.7.3.2 | Text rotation angle
Figure 4-37 shows the rotation of the text.

TEXT: |"ABC', (0, 0),

% Figure 4-37 Rotation Angle

The text]

coordinaig
require

5) of the
ment are

4.7.4  User-defined character sets (UFONT)

User defined text requires that each character is decided by the user. User defined character sets are
defined in the ARTWORKS section of the GenCAM file using the UFONT statement keyword. The

UFONT name identifies the collection of letters or symbols established by the user.

The same rules for user fonts apply that can be interpreted to fit within atext box. The magjor differenceis
that since UFONT is one character at a time, the entire font is described using a character code for each
symbol established as a GLYPH. The GLYPH character code, therefore, identifies the symbol or letter

type.
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4.74.1  Character definition (GLYPH)

When a user defines his own font, font style, or symbols, they are identified one at a time. Standard
graphic primitives are used to describe the information and are indented to show relationship with various
GLYPH characteristics. Format for UFONT is as follows:

<user_font> n= UFONT: <font_name>;

> Y

GLYPH: <char_code>, <pl>, <p2>;
> {
<shape_builder>

< }

< In
<pl> = <xy_ref> - pland p2 define the bounding box of AR o
<p2> = <Xy_ref>
<char_gode> ‘= p_integer

The characteritics of al symbols continue with an indenture shov es, Circular gres, and

ellipses psed to make these various characteritics.

475 |LOGOS

Logos afe user-defined primitives. They ma ¢ ] ated into the character{stics for
a printedd board or printed board assembl & iS-are used to identify the gompany
or the i amples are shown in Figure 4-38

Becausg

characteristics f@ SCH ot ey are usually provided a user macro name. Logos are then made
up of vTr' | n order to accomplish the characteristics for a logo descriptipn. The
rules fo ave a start and an end. The information contained within theflogo are

line segme i primitives in order to describe the details of the logo. The following rules
apply:

Named Forn:

LOGO: <logo_name>, [<color_ref>];

> e}
<shape_builder>
| TEXT: <text_string>, <pl>, <p2>, [<font_ref>], [<color_ref>],
<xform>;
< In

Reference Form:

LOGO: <logo_ref>, [<layer_ref>], [<color_ref>], <xform>;
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Note: The point of origin for al primitives used to describe the logo must be the same. The point of origin is used to position the
logo and/or transform the image.

476 PATTERNS

User defined patterns are those that consist of multiple images, using multiple standard primitives or
artworks. The resulting form can be disconnected, but all of the defined primitives or artworks shall
reference the same point of origin. The format is as follows:

Named Form:

PATTERN: <pattern_name>, [<color_ref>];

> {
1{ PADSTACK: <padstack_ref>, <pin_ph ' 'm>;}n
& O{ ARTWORK: <artwork_ref>, [<la f _tef>],
<xform>;}n
& O{TARGET: <target_ref>, [<laye
<xform>;}n
& O{ FEATURE: <feature >],
<xform>;}n
< }
PATTERN: <pattern_name>, [<color_ref>];
>

< }

Reference Form:

A <layer_ref> paramet
<layer_nef> par

PATTE
compon

k. The

ns of the

4.7.6.1

Land p4
The PA]

ounting.
\ gric in that they reference an ARTWORK, however in most instanced patterns
used for compone ounting should use a PADSTACK definition. When the PADSTACK is
referencedy a-pin is aso assigned. The <pin_physical_ref> shall match the assignment made in the
PACKAGE"Section of the GenCAM file. Some examples of user defined land patterns is shown in Figure
4-39 through 4-41.
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$PRI M TI VES $PADSTACKS
RECTCENTER: “l and1”, 2.0, 8. 0; PADSTACK: “Padl”;
POLYGON: “pol y2”; PAD: "BOTH',"land1", , solid, , , (0,0)
LINE (-0.4, 1.0), (0.4, 1.0); PADSTACK: “Notch”;
LINE: (0.4, 1.0), (0.4, 2.0); PAD: "BOTH', "poly2", , solid, , ,(0,0);
LINE: (0.4, 2.0), (0.2, 0.2); $ENDPADSTACKS
LINE: (0.2, 0.2), (0.2, -0.2);
LINE (0.2, -0.2), (0.4, -0.2); $PATTERNS
LINE: (0.4, -0.2), (0.4, -1.0); PATTERN: “Mel f Std”;
LINE (0.4, -1.0), (-0.4, -1.0); PADSTACK: “Padl”, "cathode", (-3.2, 0.0);
LINE (-0.4, -1.0), (-0.4, 1.0); PADSTACK: “Padl”, "anode", (3.2, 0.0);
PAI NTDESC: "solid", FILL; PATTERN: “Mel f Not ched”;
$ENRPRI M Tl VES PADSTACK: “Notch”, "cathode", (-3.2, 0.0);
PADSTACK: “Notch” _ "anade" (3 2_ 0.0),
180. 0;
$ENDPATTERNS

Grid placement
C courtyard

I |
| l
| |
| l
X : + : 7 j}
| |
| l
e | x
> —» |+—— B
Y —» l— G
qs Optional detent pattern

igive 439

LF Pattern

- Grid

placement Y
courtyard

)

[—— >

[——

Full radius
optional

Figure 4-40 SOIC Pattern
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IR
Full radius —{

optional

+

1oonon

Laoanong

g

HHHHHHHH

|
|
4
T
1
T

Figure 4-41 Quad flat pack

4.7.6.2 | SYMBOL (Schematic or Logic)
Schematic or logic symbols are special user-defined patterns. _They are [ infermation

for the gharacteristics of an electronic symbol intended to elatio ) e device
containi e /1 e same
methodglogy used to draw the wmbol in DRAWING ' | he logic

elements are contained within a package.

Named Form:

~<artwork_ref>, [<color_ref>], <xform>;} 1
fext_string>, <p1>, <p2>, [<font_ref>], [<colon_ref>],
xform>;}n

Y MPIN: <sympin_name>, <location>;}n

Referen

bol\ref>, <comp_refdes>, <circuit_ref>, [<color_ref>], <xform>;

Figure #-42 sh an\example of using the SYMBOL definition in the PATTERNS seciion and
correlating that to the WING section.
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$PATTERNS $DRAW NGS
SYMBOL: " NAND'; SCHEMATI C. " SHEET1", V1,
CIRCLE: 2.0, , ,(1.3, 2.0); FRAME: " AFRAME", (0, 0);
LINE (2.3, 1.7), (2.6, 1.7); TEXT: "SAWPLE1", (0,0),(2.1, 3.4),
LINE: (3.5, 2.3), (3.5, 3.6); , ,(3.4, 2.5);
LINE: (4.6, 2.3), (4.2, 2.3); SYMBOL: "NAND', "U1", "1", ,(3.4, 4.5);
CRCARC. (3.2, 2.2), (2.1, TEXT: "U1-1", (0,0), (1.4, 3.4), ,
3.4),(0.0,0.0); (4.5, 3.6);
SYMPIN: "I1", (3.2, 3.6); SYMPIN. "I1", "-RESET";
SYMPIN: "12", (4.3, 2.4); SYMPIN. "I2", "-Q';

SYMPIN "Qut", (2.4, 1.6);

SYMPIN "OUT", "+Q';

SYMVB! " SWLTCH:: SYMBOL: “NAND: "l n2v (5 3 4 4);
cl E 2.5 , , ,(4.6, 5.0); " UL- 2", 3.4), ,
(@ E 3.7, ,, ,(3.8, 4.8);

LINE (3.4, 2.4), (3.2, 4.5);

LINE: (2.4, 4.6), (3.2, 3.2);

SYNPIN: "pl", (2.4, 4.5);

SYNPIN: "p2", (3.4, 4.5); , (1.0, 2.5);

SYMVB! " GROUND'; 3.4), ,
LINE (6.7, 3.4), (6.7, 4.6);

LINE: (6.8, 3.4), (6.8, 4.6);
SYNPIN: "G', (6.4, 3.3);

SYMB(QL: " CONN'; , (3.5, 6.5);
LINE (4.3, 2.2), (4.3, 4),
LINE: (4.0, 2.2), (4.0,

SYNPIN. "C', (4.3,2.0);
SYMB(QL: " AFRANME";
RECTCENTER. 1.6, 2.8, , 2.3);
RECTCENTER. 5.2, 3.
$ENDPATTERNS 3.5);
SYMBOL: "CONN', , , ,(1.1, 2.B);
TEXT: "-Q', ,(0,0), (1.4, 34, ,
(0.4, 2.5);
SYMPIN. "C', "-Q';
NET: " - RESET";
LINE: (4.5, 2.3), (3.4, 2.3);
NET: "-SET";
LINE (3.2, 4.5), (3.2, 5.6);
CRCLE: 3.25, , , ,(3.5, 4.p);
NET: "-Q';
LINE: (4.5, 3.4), (4.5, 1.6);
CRCLE: 3.25, , , , (1.3, 2.8);
NET: "+Q';
LINE (1.2, 3.6), (1.2, 4.7);
NET: " GROUND';
LINE (1.4, 2.7), (2.3, 3.6);

$ENDDRAW NGS
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FIXTURE (Fab;
FABRICATION &
ASSEMBLY FIXTURE

PANEL (Fab) DEFINITIONS
SHAPES
PCB & PCA

DESIGN
DEFINITIONS

DRAWING

DWG TYPE
DWG SIZE
DWG REV
DWG NUMBER
DWG DATE

PATTERN ARTWORK DEVICE
e
(svpeoL

C=>

SHAPE
BUILDER

PCB & PCA
SYMBOL
DEFINITIONS

TESTPAD HOLE

(Papstack ) (Papstack ) (PapsTacK ) ((PADISTAGK )

(pEsc) GRAPHIE
DERINITIONS
(oEsc)

TARGET

ARTWORK BSU}_III%D ER

C=D) EsC

SHAPE
BUILDER

ohi
< _Primitive
(s y

Rectcham

PCLYLINE
Rectround

Graphjc Primitive Hexagon
Graphic Primitive .
DESC DESG \M/ FEATURE

GenCAM Graphic Data Model

Figure 4-43 GenCAM Graphic Data Model
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48 SECTIONS

The following generic sections define the characteristics of the GenCAM structure. Each file has its own
description and may be made up of several keywords and parameters. All delivered files must have a
HEADER as shown in paragraph 4.8.2. The HEADER describes the details that are necessary for
managing the GenCAM files that follow.

48.1  General Requirements

There are several general requirements that relate to all the sections of a GenCAM file. Some of the
requirements are format; others are specific modifications or additional information that may be provided
for aparticular GenCAM section.

The reg‘:i rements for file readability are stated in 3.7.3, which indicates that k all-be’|ndented
under any "parent” keyword to which they belong. To ad in the interpretati i uirements of
section bllowing
keyworg | "< is
used to
48.1.1
The AT rance of
an AT . The
ATTRIH TE, or a
MODIF
<gattribute def> aue>;

<attriute_group>

<attriute_name>

<attriute_value>
All thre |group>,
shall bg htions or
standard , <attribute_name>, shall serve to identify the fattribute

within attribute_value>, shall serve to provide the vaye to be

associat k(i ecurrent list of registered attributes is available from the web at
http:// . 3 8 butes. The following example associates an ATTRIBUTE with a
LINE st ;

Only registered attributes are allowed in a GenCAM file. Conforming GenCAM applicatigns must
support registered attributes. Attributes should be registered with IPC in order to guarantee uniqiie group
names.

Attributes are supported by the language, but are only recorded as strings and passed on as strings without
keyword parameter recognition. An attribute statement is assumed to reference the previous, statement.

48.1.2 The MODIFIED Statement

Any GenCAM statement may be followed by the MODIFIED statement. The modified keyword is used
to associate information relevant to a particular change in a GenCAM file with information about the
reason for the change. The MODIFIED keyword pertains to the prior statement.
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<modified def> = MODIFIED: <person_ref>, <mod_date>, <mod_description>;
<person_ref> = string
<mod_date> = date format
<mod_description> = string

All three parameters for a MODIFIED statement are required. The first parameter, <person_ref>, shall
reference a PERSON defined in the ADMINISTRATION section of the GenCAM file. The second
parameter, <mod_date>, is a modification date and uses the standard GenCAM date format. The third
parameter, <mod_description>, is the modification text and is a freeform string that provides information
asto exactly what has been changed.

Exampl &

4.8.1.3

Any Gsg
associat
quality,

<audit_glef>

<audit_{
<person
<point_|
<explan

All thres
to the ty
ASEMT
ADMIN
lost due
freeforn
points.

compl et
IPC-257

Exampl ¢

4.8.2

UNITS: THOU10;
MODIFIED: "Bob Nea", 1998-03-24, "al dimensions adjusted {6

The AUDIT Statement

NCAM statement may be followed by an AUDIT stat
e a conformance grade with the statement it describes.

ype>
| ref>
0ss>
gtion>

b parameters of an A
pe of audit being

used to
evaluate

all refer
\SM, or

shall be used. 6 ed in the
ISTRATI secti The third parameter, <point_loss>, defines the points
to an err(% i t- The fourth parameter, <explanation> isoptiongd. Itisa
string than“ca re of 10
iolati e job is
fined in

The HE

o
DL\ oCCtror oo UG T COqUT Ut oC YNy~ O SV ey —OCIS v e, TIC T TL7°%

DER coctinn chall ho rocnurod At tha harumnminey Af sy CANCARN fila The LICAN -R Sha”
T T =g

include the GENCAM keyword. Other keywords are used to describe the characteristics of the file, and
identifies the products contained there-in.

HEADER = $HEADER

>
GENCAM: <gencam_rev>,
& O CHARACTERSET: <iso_ref>;}1
& GENERATEDBY : <software_package>, <software_rev>;
& 1{ASSEMBLY': <usedin_name>, <assembly_name>,
<assembly_number>, <assembly_revision>;} n
& 1{BOARD: <usedin_name>, <board_name>, <board_number>,
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<board_revison>;}n

& O{PANEL: <usedin_name>, <panel_name>, <panel_number>,

<panel_revision>;}n

& O{FIXTURE: <usedin_name>, <fixture_name>, [<fixture_number>],

[<fixture_revision>];} n
& UNITS: <dimension>, [<grid_vaue>];
& ANGLEUNITS: <angular_unit>;
& 1{COLOR: <color_name>, <R>, <G>, <B>;}n
& HISTORY': <increment>;

}
$ENDHEADER

<gencarp_rev>
<iso r
<software_package>
<software rev>
<usedin| name>
<assembly _name>
<assembly _number>
<assembly_revision>
<board jname>
<board _jnumber>
<board_[revision>
<panel_pame>
<pane_pumber>
<panel_fevision>
<fixturel name>
<fixturel number>
<fixture revision>

string - represents GenCAM revisioni.e, 1.0, 1
string - 1SO Native Language Registration (see™
string
string
string - unique within the GenCAM ¢
string
string
string
string
string
string
string
string
string
string
string

<dimengion>
illimeter(s)
- Micrometer(s)
- hundredths of millimeter
- Inch
- Inch/1,000
- Inch/10,000
- Unitsto the Centimeter
| USERMM - Units to the Millimeter
| USERUM - Unitsto the Micrometer
| USERINCH - Unitsto the Inch
11
<grid_value> = p_integer -A dimensional value to determine the grid system
used by the CAD system
<angular_unit> = {RADIANS | DEGREES} 1
<increment> = p_integer -Initially zero, and incremented every time changes
areincorporated into the file.
<color_name> = string
<R> = p_integer - (0-255) - O represents the absence of intensity. i.e,
0, 0, 0 ="black"; 255, 255, 255 = "white"
<G> = p_integer - (0-255)
<B> = p_integer - (0-255)

50
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4821 GENCAM

The GENCAM statement is used to identify the version of GenCAM to which the file conforms. The first
parameter, <gencam_rev>, is a string which isto be in a"1.2.3" notation. The "1" is the major revison
number, the "2", isaminor revision number, etc. .

4822 CHARACTERSET

The CHARACTERSET statement defines the character codes that are valid for freeform string
parameters throughout the GenCAM file. The first parameter, <iso_ref>, is a valid 1SO registration
identifier as defined in Table 3.3. If not specified, the default is 1SO-002, 7-bit ANSI ASCII character
codes. All characters not in freeform strings must be 1SO-002 characters.

48.2.3 | GENERATEDBY

The GENERATEDBY statement identifies how the GenCAM file was cpes 9 X pdrameter,
<software_package>, is a registered name for the software package that g c 3 file. A
list of registered package namesis available at http://www.gencam.org/regisie ekapes.

The secpnd parameter, <software rev>, isarevision string indicating t i f ’ package
that generated the GenCAM file

4824 ASSEMBLY

Each ABSEMBLY statement identifies an assembly that is\described i The first
parameter, <usedin_name>, is afreeform string that (S unj assembly
is used] The second parameter, <assé 3 he third
parameter, <assembly number>, is used e fourth
parametger, <assembly revision>, isused to

48.2.5 BOARD
Each B grameter,

<usedin| name>, is afr m St % ilei i is|defined.

The sefond par The third pgrameter,
<board jnumber>, The fourth parameter,
<board Jrevision>, iSUS

48.2.6

Each P4
<usedin|

a panel that is described in the GenCAM file. The first pgrameter,
stting that is unique to the GenCAM file in which the panel is used. The

second ame>, identifies the panel or subpanel name. The third parameter,
<pane_| ! identify the part number of the panel. The fourth parameter,
<panel_revision>,isused to identify the panel revision.

4.8.2.7

Each FIXTURE statement identifies a fixture that is described in the GenCAM file. The first parameter,
<usedin_name>, is a freeform string that is unique to the GenCAM file in which the fixture is defined.
The second parameter, <fixture name>, identifies the fixture by name. The third parameter,
<fixture_number>, is used to identify the part number of the fixture. The fourth parameter,
<fixture revision>, is used to describe the fixture revision.

4828 UNITS

The UNITS statement defines the unit of measure for length used throughout the GenCAM file. The first
parameter, <dimension>, is a fixed field parameter which defines the unit of measure for the file. If the
unit of measure is a USER defined unit of type USERCM, USERMM, USERUM, or USERINCH then a
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second optiona parameter, <grid_value> is required. The <grid_value> is a divisor applied to the base
USER unit. (see 6.3). For example, if the USERMM dimension is used and if each grid unit is to be
0.025 millimeters then the <grid_value> would be 40 (1millimeter/40units = .0.025millimeters). For this
example <grid_value> the length of LINE: (0,0),(10,0); would be 0.25 millimeters.

4829 ANGLEUNITS

The ANGLEUNITS statement defines the angular unit of measure used throughout the GenCAM file.
The first parameter, <angular_unit>, is afixed field parameter which is either DEGREES or RADIANS.

48.2.10 COLOR

The COCOR Statament 15 Used 1o name and oefine coto aare referenced throoghouot the GenCAM
file. Eagh COLOR statement defines the hue and intensity of one reference color/ Thedefinition|is given
in the emission spectrum, by providing three values in the range O to 255 degima d, green
and blue, respectively. The first parameter, <color_name>, is a string that de he Name of the color.
The secpnd parameter, <R>, defines the red color intensity, the third paramete i e green

4.8.2.11f HISTORY

The HISTORY statement holds a simple sequential serial
parameter, <increment>, must be set to zero when the ¢
shall be|incremented every time the GenCAM fileis iXi

[he only
brameter

HEADHR Section Example

BHEADER
GENCAM  “1. 37;
GENERATEDBY:

pboard", "11149-14811",

"BI'S 9600";

"| ssue 2";

"changed part nunber";
"Rl.3a", "Ver7",;

D, 0, O;
255, 255, 255;
. 127, 127, 127;

483 LADMINISTRATION

The ADMINISTRATION section is used to identify and describe the customer requirement to the
manufacturer, and vice versa. The following BNF defines the valid statements alowed in the
ADMINISTRATION section. The BNF aso defines whether a statement is mandatory and when, where,
and how often it can be used in the section.

ADMINISTRATION =  $ADMINISTRATION
>

{

O{ ASSEMBLY : <usedin_ref>, <line_item>, [<quantity>];} n
& O{ BOARD: <usedin_ref>, <line_item>, [<quantity>];} n
& O{PANEL: <usedin_ref>, <line_item>, [<quantity>];}n
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& O{FIXTURE:<usedin_ref>, <line_item>, [<quantity>];} n
& TRANSACTION: <trans_type>, <trans_number>, <trans_date>;
& Y
PERSON: <person_identifier>, <name>, <enterprise>,
<street_addr>, <city>, <state prov>, <country>, <postal _code>,
[<phone>], [<fax>], [<email>], [<url>], [<title>];
In
& SENT: <person_ref>;
& RECEIVED: <person_ref>;
& O{ DESIGNER: <person_ref>;} 1
& O{ ENGINEER: <person_ref>;}1
& {BUYER: <pgson_rei>,1 L
& O{CUSTOMERSERVICE: <person_ref>;}1
& O{ ACCEPT: <person_ref>;} 1
& O{BILLTO: <person_ref>;}1

<usedin| ref> = string  -referenceto bly(s), boand(s),
or panel (s) contained jn tke fi} i the HEADER Segtion

<line_item> = ; =Ny 3 pha-numeric

<quantity> =

<trans_type> = - type of transaction; either pufchase

order, request for quote, regpest for
proposal, request for audit, or| change
order.
<trans_mpumber>

<trans_glate> :

<person| identifier> 1 (K tquendentifier for an individual who may have multjple
<person| ref>

<name>

<enterpiise>

<street_pddr>

<city>

<state fr string

<countn string

<postal_|code> = string

<phone} = string

<fax> = strl ng -fax machine phone number

<email = St 16

<url> = string

<title> = string

<line_item_ref> = string - May be a positive integer or an apha-numeric.
<ddlivery date> = date format

<count> = p_number

<comment> = string

4831 ASSEMBLY

Each ASSEMBLY statement references an assembly as described in the HEADER section, providing
order information. The first parameter, <usedin_ref>, references a unique GenCAM <usedin_name>
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which must have been declared in the HEADER section. The second parameter, <line_item>, defines the
item in a multi-part order, and is an internal identifier that is unique within the GenCAM file. The third
parameter, <quantity>, defines the total quantity of the item being ordered using this GenCAM file.

48.3.2 BOARD

Each BOARD statement references a board as described in the HEADER section. The first parameter,
<usedin_ref>, references a unique name within the GenCAM file, <usedin_name>, which shall have been
declared by the BOARD statement in the HEADER section. The second parameter, <line_item>, defines
the item in a multi-part order, and is an internal identifier that is unique within the GenCAM file. The
third parameter, <quantity>, defines the total quantity of the item being ordered using this GenCAM file.

4833 PANEL

Each PA [ [ et irst parameter
<usedin| ref>, [ in_| , Whi e 8 HEADER
section ) | iten jart order,
and is an internal identifier that is unique within the GenCAM filgl 1 srams antity>,

defines the total quantity of the item being ordered using this Gen

4834 FIXTURE

Each FIXTURE statement references a fixture as described | f egtion. i grameter,
<usedin| ref>, references a unique name, <usedin_narpex iy 3 hve been
declared in the HEADER section. The second par ulti-part
order, Aand is an interna identifier i e third
parametgr,

48.3.5

The TR The first
parameter, , leither a
purchas; for audit
(RFA), ief for the
transacti he third
parameter,

48.3.6
The PEH nique identifier, <person_identifier>, and associates informatipn about
an indivi igue identifier. The <person identifier> is used within the GenCAM file

whenevs grameter requires a reference to an individual. The first pgrameter,
<person| identifiers, is aperson identifier unique to the GenCAM file. The second parameter, <name>, is
the perspn's(full na The third parameter, <enterprise>, is the person's company or enterprise; if no
enterprige\exists, the term SELF should be used. The fourth parameter, <street_address>, is the street
address of the enterprise. The fifth parameter, <city>, 1s the city. The sixth parameter,<state prov>, is
the state or province. The seventh parameter, <country>, is the country. The eighth parameter,
<postal_code>, is the postal code. The ninth parameter, <phone>, is the phone number. The tenth
parameter, <fax>, is the fax machine number. The eleventh parameter, <email>, is the email address.
The twelfth parameter, <url>, is the Web address of the individual. The thirteenth parameter, <title>, is
the title of the person used within the enterprise.

4837 SENT

The SENT statement identifies the person sending out the GenCAM file. The first parameter,
<person_ref>, maps to one of the <person_identifiers> defined in a PERSON statement in the
ADMINISTRATION section.

54


https://iecnorm.com/api/?name=e5c172747dadefadd1442b984988e807

Copyright © 1998, IPC; 1999, IEC
IPC-2511 GenCAM November 1998

48.3.8 RECEIVED

The RECEIVED statement identifies the person receiving the GenCAM file. The first parameter,
<person_ref>, maps to one of the <person_identifiers> defined in a PERSON statement in the
ADMINISTRATION section.

4839 DESIGNER

The DESIGNER statement identifies the designer of the assembly or assemblies described in the
GenCAM file. The first parameter, <person_ref>, maps to one of the <person_identifiers> defined in a
PERSON statement in the ADMINISTRATION section.

4.8.3.100 ENGINEER

The EN[GINEER statement identifies the engineer who is responsible for S 3 semblies
described in the GenCAM filee  The first parameter, <person g| of the
<person| identifiers> defined in a PERSON statement in the ADMINISFRATIO ion

4.8.3.11] BUYER

The BUYER statement identifies the person who is r
<person| ref>, maps to one of the <person_identifierg
ADMINISTRATION section.

N he first pgrameter,
RSON statement in the

4.8.3.12f CUSTOMERSERVICE

The CUSTOMERSERVICE statement identifies the's vice representative who is regponsible
for the gccount. The first parameter, <perg one of the <person_identifiers> defined in a
PERSO
48.3.13 ACCEPT
The ACQCEPT statement i es 9 the receiving department who takes possession of the

shipmerft in the e of the
<person| identifier

4.8.3.14

The BIL e billing
should . defined
in a PERE

4.8.3.15

The SCHEDULE statément defines the schedule for the delivery of partial orders. The first pgrameter,
<line_item-ref> isareferenceto a<line item> defined within the GenCAM file. The second parameter,
<delivery_date>, is the date by which the item is to be received. The third parameter, <count>, is the
quantity of the items that are to be received on the date specified. The total <count> parameters for any
line item should match the total quantity identified for the TRANSACTION of the GenCAM file.

Note: Documents associated with the SADMINISTRATION section shall be contained in $DRAWINGS. That section will
define the document types, size, number, revision, date, and all pertinent product descriptions.

48.3.16 COMMENT

The COMMENT statement can be used to add information that is considered relevant to the
ADMINISTRATION section. The only parameter, <comment>, is a freeform string.

55


https://iecnorm.com/api/?name=e5c172747dadefadd1442b984988e807

IPC-2511

GenCAM

Copyright © 1998, IPC; 1999, IEC

November 1998

ADMINISTRATION Section Example

4.8.4

The FIX
associat
FIXTUH

$ADM NI STRATI ON
ASSEMBLY: "Mbodeni, "C100", 1000;

TRANSACTI ON: PO, "C10437", "1997-11-13";

SENT: "Bill";

PERSON: "bill", "Bill Johnsrud", "Arch Networks", "1525 Central
Ave.", "Canata", "Ontario", "Canada", "K2K2E6",

"613. 519. 3434", "613.519.5960", "bjohnsrud@rch. cont;
RECEI VED: " Hank";

PERSON: "Hank", "Henry Wight", "FabMax Inc.", "3400 E

lnductri ol \AAv/ HE" "Cont o (] ar o' "Califaorni a"
oSt 1—at L =3 DaHta—o—atat e—1+1otHa

SCHEDULE: 1,
SCHEDULE: 2,
SCHEDULE: 3,

BENDADM NI STRA

FIXTURES

"USA", "95130", "408.525.3881", "408. 57

DESI GNER: " Chri s";

PERSON: "Chris", "Christopher Whble",
Central Avenue", "Kanata",
"K2K2E6", "613.519.3544",
"cw bl e@rch. conf, "MIS";

BUYER. "M Iler";

PERSON: "MIler", "Anne Mller",
Avenue", "Kanata", "Onta
"613.519.8723", "613.5

BILLTG "MIler";

COWMENT: " Ship all
| npost

LEA > A

"Arch

"1997-1

OUTLINE: <layer_ref>;
1{ <polygon_builder>}n

Contract WManuf act urer|.

OLE: <hole_name>, <hole_type>, <primitive _ref>,

25

ntral

berves to
1.

The

<barreldesc_ref>, [<profiledesc_ref>], [<layer_ref>], <xform>;

In
& 0f
CUTOUT: <cutout_name>, [<layer_ref>];
{
<shape builder>
}
In
& 0f
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WELL: <well_name>, <nomina_angle>, <surface>, <cutmode>,
<rem_value>, [<barreldesc_ref>], [<profiledesc_ref>];

> {
<shape_builder>
< }
In
& 0f
SLOT: <dlot_name>, <dot_width>, [<layer_ref>];
> <polyline_builder>
< In
& 0f
KEEPOUT: <Keepout_name>, <Keepout_type> [<layer_rei>|;
> <polygon_builder>
< In
& I
PLACEMENT: <usedin_ref>, <locatio
In
< }
< }In
$ENDFIXTURES

<usedin| ref>

PANEL
<fixturel_app>
<fixturel function>
<hole_name>
<hole_type>
<primitiye_ref>

<circle yef> y
<rectctr| ref> Q "
<rectcnn_ref> N
<rectcham_ref>
<rectroy

<oval_ref>
<dshapgq |

<diamond string

<hexag string

<octagop_ref> = string

<barreldesc ref> = string

<layer_nef> = {<layersingle_ref> | <layerset_ref>}1
<layersihgte—ref = St

<layerset_ref> = string

<xform> = <xy_ref>, [<rotation>], [<mirror>], [<scale_factor>]
<cutout_name> = string

<well_name> = string

<nomina_angle> = angle_units

<surface> = {TOP|BOTTOM | BOTH}1
<cutmode> = {REMOVE | REMAIN} 1
<rem_vaue> = p_number

<profiledesc_ref> = string

<dot_name> = string

<dlot_width> = p_number
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<keepout_name> = string
<keepout_type> = {COMPONENT | VIA | ROUTE | TESTPIN | TESTPROBE |

BOARD} 1

<location> <xy_ref>, [<rotation>], [<mirror>]

4841 FIXTURE

The FIXTURE statement is used to identify the fixture assembly. The first parameter, <usedin_ref>, is
required. It is a freeform string, and shall identify the fixture by its <usedin_name> as defined in the
HEADER section of the GenCAM file. The second parameter, <fixture_app>, is also required, and shall
identify the fixture application as one of BDFAB, BDTST, BDASM or ASEMT. The third parameter,
<fixture_function>, is optional. 1t is a freeform string that can be used to describe the fixture function.
(i.e. "Stencil”, "Gluedot")

4842 OUTLINE

The OU[TLINE statement is used to define the outer periphery of the fixtuke, using ons polygon
shapes. [ The first parameter, <layer_ref>, is required and is used to g&fere s , ayer set
associated with the fixture. An OUTLINE statement shall be follo Jug: [atement
that ref¢rences and locates a closed shape, or by sufficient Ge itive stateqnents to
describg and locate the closed shape(s). The point of origi Il be the logation to
which al istics, i

48.4.3 HOLE
The HOLE statement is optional, and can o te ine a drilled, mi | feature

of the f lired. Is a freeform string that derves to
uniquely ixture shall have a unigue name wjthin the
fixture description. The secong , isreguired and shall identify the hole uge as one
of ELECTRICAL, MECHAXII A he th d parameter, <primitive _ref>, isrequired and
shall reference a closed, sta s € as defined in the PRIMITIVES sectign of the
GenCAM file. The fou 3 ' se’ref>, is required and shall reference p barrel
descriptjon as def N VE ection of the GenCAM file. The fifth parameter,
<profi|ejesc_ref><§§p [ | : ine tolerances on the hole size and plating. The sixth
parameter, <layer r sthanal: QN seFve to reference a single layer or a layer set through which
the holdis drilled, as'de int RS section of the GenCAM file. If a<layer_ref> parameter is
not included then all Ia {. The last parameter, <xform>, defines the xy locatign of the
hole. The x-y/Arans ed and shall define the relative position of the point of origin of |the hole
primitive wi [ ‘ e origin. The rotation parameter is optional, and can define the angle
between primitive as defined, and its orientation on the fixture, measured |counter-

clockwisge. all be done before the shape is rotated. The mirror parameter is pptional,
and can [be usedisdndicste that the shape is mirrored.

48.4.4 [~\€EUTOUT

The CUTOUT statement is used to name and define an interna area of the fixture, which has had one or
more layers cut away. The first parameter, <cutout_name>, isrequired. It isafreeform string that serves
to uniquely name the cutout instance. The second parameter, <layer_ref>, is optional, and is used to
reference the layer set associated with the cutout. When omitted, a cutout is assumed to include all layers.
A CUTOUT statement shall be followed by one or more in-line or referenced primitive definitions
identified as being part of the set of <shape builder> descriptions. If simple primitives are used they
shall describe a closed shape.
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4845 WELL

The WELL statement is optional, and can be used to identify material removal from the panel. The first
parameter, <well_name>, isrequired. It isafreeform string that shall serve to uniquely identify the well
instance. The second parameter, <nomina_angle>, is required and shall define the nominal angle
between the sidewalls of the well. An angle of zero shall be understood to define vertical, paralel walls.
The third parameter, <surface>, is also required, and shall be one of the fixed fields TOP, BOTTOM or
BOTH, and shall define the side from which the well is milled. The fourth parameter, <cutmode> is also
required, and shall be one of the fixed fields REMOVE or REMAIN. The fifth parameter, <rem_vaue>
supplements the <cutmode> parameter, and provides the measure of the material removed or the measure
of the material that remal ns. The six parameter <barre| desc ref> is opt| onal, and can reference a barrel
description a o.an oated or
filled; t serve to

define t 5Cription
as defin . bwed by
one or|more in-line or referenced primitive definitions identified & 3 (hg set of

<shape [puilder> descriptions. If simple primitives are used they shall descriv

4846 | SLOT

The SLQT statement is optional, and can be used to identif abse rial i e, which
takes the form of a dot. The first parameter, <dot_name?, i ixed. [ hat shall
serve to| uniquely identify the dot instance. The secand p A [ ired, and

shall define width of the slot. The defaul
fixture. | The third parameter, <layer_refx_ i
indicate|the layer of the fixture that should ce

bugh the
inition to

ferences
used to
rounded

The SLOT description shall immediately |
and locates the slot shape, opb )
describg i

corners ends of
the polyli

4.8.4.7

The KEI b fixture,
inside or certain manufacturing or test uses. The first parameter,
<keepo \ s a freeform string that serves to uniquely name the keepout Instance.
The se¢ paut_type>, is aso required. The keepouts type shall be|one of
COMPOA ST PROBE, TESTPIN or BOARD. The third parameter, <layer|ref>, is

optional ' surface to which the keepout region is applied, either a single layer]| TOP or
BOTTOM, oray gefined in the LAYERS section. When omitted, both TOP and BOTTIOM are
assumed. A _KEEPSQUT satement shall be followed by one or more POLYGON statements that
reference™and locate the keepout shape(s), or by sufficient GenCAM simple primitive statefnents to

describe and locate the closed shape(s).

4848 PLACEMENT

The PLACEMENT statement is used to identify each board or panel that is to be placed on the fixture,
and to define its location on the fixture. The first parameter, <usedin_ref>, is required. It is a freeform
string, and shall reference a BOARD or PANEL by its <usedin_name> as defined in the HEADER
section of the GenCAM file. The second parameter, <location>, provides the relative x-y position and
optional rotation and mirror for the particular board or panel indicated, with respect to fixture's point-of-
origin

59


https://iecnorm.com/api/?name=e5c172747dadefadd1442b984988e807

Copyright © 1998, IPC; 1999, IEC
IPC-2511 GenCAM November 1998

A FIXTURES Section Example

$FI XTURES
FI XTURE: "ScanbDual ", BDTST, "Test probe translation #1";
ATTRI BUTE: "HP", "KIT", "44200L";
ATTRI BUTE: "HP", "ACTUATI ON', "PNEUVATIC';
ATTRI BUTE: "HP", "CONNECT", "SEM AUTOVATI C';
ATTRI BUTE: "HP", "TOPPROBES", "ON';
HOLE: "Thol el", TOOLING "Roundl1875", "B1875", , ,
(41550, 59550);
HOLE: "Thol e2", TOOLING "Roundl1875", "B1875", , ,
(3550—3550)
PLACEMENT: "Scan_Xnt", (30198, -77677), 0.0;
PLACEMENT: "Scan_Rcv", (18198, 62323), 180.0
FI XTURE: "ScanBd_Xnt", BDFAB, "Routing tenpls
PLACEMENT: "ScanBd_Xnt", (30198, -57677);
BENDFI XTURES

485 |[PANELS

The PANELS section references the boards and/or sub-pane panel along with other
data that is pertinent to the panel itself. Included are the olter nal cutouts of the panel
in termg of absolute x and y coordinates as viewed fr ) i dée. The PANELS sectionis
required when the board assembly is paneli

PANELS =  $PANELS

> Y
PANEL: <us

gon_builder>}n
HICKNESS: <dim_value>, <profiledesc_ref>;}1

CUTOUT: <cutout_name>, [<layer_ref>];
{

}

<shape_builder>

In
& Of

WEEE<welmame><nomima—angte>,<suorface>;<cuotmode>,

<rem_value>, [<barreldesc_ref>], [<profiledesc_ref>];

> {
<shape_builder>
< }
In
& Of
SLOT: <dlot_name>, <dot_width>, [<layer_ref>];
> <polyline_builder>
< In
& Of

GROOVE: <groove_name>, <groove width>, <nominal_angle>,

60


https://iecnorm.com/api/?name=e5c172747dadefadd1442b984988e807

Copyright © 1998, IPC; 1999, IEC

IPC-2511 GenCAM November 1998
<surface>, <cutmode>, <rem_value>,
[<profiledesc_ref>];
> <polyline_builder>
< In
& 0f
HOLE: <hole_name>, <hole_type>, <primitive_ref>,
<barreldesc_ref>, [<profiledesc_ref>], [<layer_ref>], <xform>;
In
& 0f
TARGET: <target_ref>, [<layer_ref>], [<color_ref>], <xform>;
In
& U
KEEPOUT :<keepout_name>, <keepout_type ayer_ref>];
> <polygon_builder>
< In
& I
PLACEMENT :<usedin_ref>, <loea
In
< }
< }In
$ENDPANELS
<usedin| ref> = y<panel_name>in $SHEADER
gferences a board, assembly, or a
<layer_tef> = ref>}1 - ThedefaultisALL.
<layersipgle ref> =
<layersgt_ref> =
<dim_vaue> =
<profilegesc_ref>
<cutout | name>
<well_name>
<nomingl_angle>
<surfaceg>
<cutmogle>
<rem_v
<barrelqg
<dlot_na
<dlot_wldi
<groove_name =
<groovg_width> = ) |
<hole_name> = string
<hole_type> = {MECHANICAHEEECTRICALTFOOENGH:
<primitive_ref> = {<circle_ref> | <rectctr_ref> | <rectcnr_ref> | <rectcham_ref> |
<rectround_ref> |<oval_ref> | <dshape ref> |<diamond_ref> |
<hexagon_ref> | <octagon_ref>}1
<circle_ref> = string
<rectctr_ref> = string
<rectcnr_ref> = string
<rectcham_ref> = string
<rectround_ref> = string
<oval_ref> = string
<dshape_ref> = string
<diamond_ref> = string
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<hexagon_ref> = string

<octagon_ref> = string

<xform> = <xy_ref>, [<rotation>],[<mirror>],[<scale factor>]

<target_ref> = string

<color_ref> = string - color name identified in SHEADER; the default is "black"

<keepout_name> = string

<keepout_type> = { COMPONENT | VIA | ROUTE | TESTPIN | TESTPROBE |
BOARD} 1

<location> <xy_ref>, [<rotation>], [<mirror>]

4851 PANEL
The PAFI'EL statement is used to identify the printed board panel or mmb The first

parametger, <usedin_ref>, shall be the unique name of the panel or subpanel assig he HEADER of
the GenCAM file.

4852 OUTLINE

The OUTLINE statement is used to define the outer periphery of .the NG, one\or” more |polygon
shapes. [ The first parameter, <layer_ref>, is required and is used ge-a sing ayer set
associated with the panel. An OUTLINE statement shall befoHqwed ' POLY GON gatement

that ref@rences and locates a closed shape, or by suffigient g primitive staternents to
describg igi ' the shall be the logation to
which al

The opti [ 3 | athickness of the panel(s). The first parameter,

<dim_vaue>, defines the thickness in dimerision units as-specified in the HEADER section. The second
parameter, <profiledesc_ref>, references the tol D

4853 CUTOUT

The CU[TOUT statement i Jefine-an internal area of the panel, which has hagd one or
more layers cut awgay i c G _name>, isrequired. It isafreeform string that serves
to unigyely namé Qut i T e seebnd parameter, <layer_ref>, is optional, and ig used to
reference the individlg e el C|ated with the cutout. When omitted, a cutout is pssumed
to inclugde all layeyg\ A ment shall be followed by one or more in-line or referenced
primitive definitio ) seing part of the set of <shape builder> descriptions. If simple

primitives are

4854

The WH ' s optional, and can be used to identify material removal from the panel. [The first
parametgr, <wel| , isrequired. It isafreeform string that shall serve to uniquely identify [the well
instance, . <The second parameter, <nominal_angle>, is required and shall define the nomingl angle
betweenthe sdewals-of-thewell-—An-angle-of zero-shall-be-understond-to-define-verticalparallel walls.
The third parameter, <surface>, is also required, and shall be one of the fixed fields TOP, BOTTOM or
BOTH, and shall define the side from which the well is milled. The fourth parameter, <cutmode>, is aso
required, and shall be one of the fixed fields REMOVE or REMAIN. The fifth parameter, <rem_vaue>
supplements the <cutmode> parameter, and provides the measure of the material removed or the measure
of the material that remains. The six parameter, <barreldesc_ref>, is optional, and can reference a barrel
description as defined in the PRIMITIVES section of the GenCAM file if the WELL is plated, coated or
filled; the default is HOLLOW. The seventh parameter, <profiledesc_ref>, is optional. It can serve to
define tolerances on any plating of the well, and when present, shall reference a finish profile description
as defined in the PRIMITIVES section of the GenCAM file. A WELL statement shall be followed by
one or more in-line or referenced primitive definitions identified as being part of the set of
<shape_builder> descriptions. If simple primitives are used, they shall describe a closed shape.
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4855 SLOT

The SLOT statement is optional, and can be used to identify dots in the panel that may be used for de-
panelization or other purposes. The first parameter, <slot_name>, is required. It is afreeform string that
shall serve to uniquely identify the dot instance. The second parameter, <slot_width>, is also required,
and shall define width of the slot. The default condition for a dot is vertical walls, completely through
the fixture. The third parameter, <layer _ref>, isoptional, and is used to reference the single layer or layer
set associated with the dlot. When omitted, a dot is assumed to include al layers.

The SLOT description shall be immediately followed by either a POLYLINE statement that references
and locates the dot shape, or by one or more GenCAM Graphic Primitive statements which are used to
describg the dlot, from beginning to end, as a form of polyline. It is assumed thatdlots have [rounded
corners gt their ends. The definition of the slot is to the center of the radius at the atjon-engs of the
polyling

4856 GROOVE

The GROOVE statement is optional, and can be used to identify.grogves cutuinthe panel used for de-
panelization. The first parameter, <groove name>, is required. {t is'afxed string that shall|serve to
uniquely identify the groove instance. The second paramete o %0 required, gnd shall
define the width of the groove at its widest section. T i : ster of he GROQOVE stptement,
<noming_angle>, shall define the nomina angle be e g e’groove. An angle¢ of zero
shall bg understood to define vertical, parg , <surface>, is also fequired,
and shall be one of the fixed fields TOP<B define the side from which the
groove is ground. The fifth parameter, <cut ; ired 2and shall be one of the fixed fields
REMOVYE or REMAIN. The sixth pararpel e &> supplements the REMOVE or REMAIN
parameters, and provides the measure of the matex » the measure of the material that femains.
The se\ Ofl [ When present, it shall reference a profile
descript enCAM file. It represents the tolerances on
the materi ent shall be follow by a POLYLINE gatement
that refg

4.8.5.7
The HO be used to name and define a drilled or punched featufe of the
pane. T ¥, isrequired. It isafreeform string that serves to uniquely name

the hol€|i
The sec
MECHAd

ed for the panel shall have a unigue name within the panel degcription.
e _type>, isrequired and shall identify the hole use as one of ELECT|RICAL,
G. The third parameter, <primitive ref>, is required and shall reference a
closed, $tands ired shape, as defined in the PRIMITIVES section of the GenCAM fjle. The
fourth p egJdesc_ref>, is required and shall reference a barrel description as defingd in the
PRIMITIVES sectionof the GenCAM file. The fifth parameter, <profiledesc_ref>, is optionall It can
serve to|define tolerances on the hole size and plating. The sixth parameter, <layer_ref>, is optjonal. It
can define the individual layer, <layersingle>, or group of layers, <layerset>, through which the hole is
drilled, as defined in the LAYERS section of the GenCAM file. If a <layer_ref> parameter is not
included then all layers are assumed.

The remaining parameters define the placement of the hole. The x-y transform is required and shall
define the relative position of the point of origin of the hole primitive with respect to the panel origin.
The rotation parameter is optional, and can define the angle between the orientation of the primitive as
defined, and its position on the panel, measured counter-clockwise. Any mirroring shall be done before
the shape is rotated. The mirror parameter is optional, and can be used to indicate that the hole is
mirrored before becoming part of the panel.
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4858 TARGET

The TARGET statement is optional, and can be used to name and define a z-axis alignment or x-y
registration feature (e.g. fiducial), or a bad-board indicator. The first parameter, <target_ref>, is required.
It is a freeform string that serves to reference the target definition in the ARTWORKS section of the
GenCAM file. The second parameter, <layer ref>, is optional. It can define the individua layer,
<layersingle>, or group of layers, <layerset>, to which the TARGET should be applied, as defined in the
LAYERS section of the GenCAM file. If a <layer_ref> parameter is not included then al layers are
assumed. The third parameter, <color_ref> is optional, and can be used to reference a color as defined by
the COLOR statement in the HEADER section of the GenCAM file.

The remaining parameters define the <xform> of the target. The <xform> is composed of an <xy ref>
parameter that is required and shall define the relative position of the point of origim.of the target with
respect [o the panel origin. A <rotation> parameter is optional, and can defing

position| of the target as defined, and its orientation on the panel, meas

mirroring shall be done before the target is rotated. The <mirror> parameier is optiong

to indicgte that the artwork is mirrored. The shape can be placed n )

becomirng part of the panel. The last parameter is an optional <scale\{actor>=yul pI| t

all dimensions of the target.

4859 KEEPOUT

The KH|
which i4

ah area of the panel, inside
defined for the keepolt region

must be &) a freeform string that gerves to
uniquely ' . amets eepout/ type>, shall be one of thejareas or
physical ' 2 , these\are\COMPONENT, VIA, ROUTE, TESTPIN,
TESTPH y It can define the irjdividual

layer, < qich the keepout area applies, as defingd in the
LAYER _ref> parameter is not included then all Igyers are
assumed. . € 3ha d by a POLYGON statement that referance and
locate th % G simple primitive statements to describe and |pcate the

closed o

4.8.5.10

The PL locate a board or a sub-panel within the manufacturinig panel.
The fir , is required. It shall reference a PANEL or BOARD by its
<usedin| | thé HEADER section of the GenCAM file. The second pgrameter,
<locatioS, iS¥eyuirs and provides the position and optional rotation and mirror characteristics. | The x-y

transfor 5tion=Parameter is required and shall define the relative position of the poard or
subpang wi gect tothe fabrication PANEL origin. The rotation parameter is optional, and cgn define
the angle between the‘orientation of the board or sub-panel as defined, and its position on the panel,
measurgd coeunter-clockwise. Any mirroring shall be done before the shape is rotated. The mirror
parameter is optional, and can be used to indicate that the shape can is mirrored before becoming part of
the panel

A PANELS Section Example

$PANELS
PANEL: "4UP_MODUS",
OUTLINE: "Al'l";

LINE: (0, 0), (0, 175000);
LINE: (0, 175000), (140000, 175000);
LI NE: (14000, 175000), (140000, 0);
LI NE: (140000, 0), (0, 0);
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THI CKNESS: 150, "I ani nat e4";
PLACEMENT: " 11354- 66540RevA", (0, 0), O.0;
PLACEMENT: " 11354- 66540RevA", (8484, 1031), 180.0, M RROR
PLACEMENT: " 11354- 66540RevA", (0, 86017), O0.0;
PLACEMENT: " 11354- 66540RevA", (58484, 87033), 180.0, M RROR
HOLE: "Thol el", TOOLING "Round1875", "B1875", , |,

(41550, 59550);
HOLE: "Thol e2", TOOLING "Round1875", "B1875", , |,
(3550, 3550);
$ENDPANELS

48.6 [BOARDS

The BA[LARDS section defines the outer shape and any internal cutouts of therinted cigeuit of printed
wiring board in terms of absolute x and y coordinates as viewed from the(top of primary side. The
$BOARDS and $ENDBOARDS section keywords mark a BOARDS sect flle. The
BOARDS section is required and shall have the following form.

BOARDS »=  $BOARDS
> Y
BOARD: <usedin_ref>;

WELL: <well_name>, <nomina_angle>, <surface>, <cutmogle>,
<rem_value>, [<barreldesc_ref>], [<profiledesc_ref>];

{
<shape_builder>

}
In
& 0f

SLOT: <dot_name>, <dot_width>, [<layer_ref>T;
> <polyline_builder>

< In
& 0f

GROOVE: <groove_name>, <groove width>, <nominal_angle>,
<surface>, <cutmode>, <rem_value>, [<profiledesc_ref>];
> <polyline_builder>
< In
& Of
HOLE: <hole_name>, <hole_type>, <primitive_ref>,
<barreldesc_ref>, [<profiledesc_ref>], [<layer_ref>], <xform>;
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In
& 0f
TARGET: <target_ref>, [<layer_ref>], [<color_ref>], <xform>;
In
& 0{
LOGO: <logo_ref>, [<layer_ref>], [<color_ref>], <xform>;
in
& 0f
KEEPOUT :<keepout_name>, <keepout_type>, [<layer_ref>];
<polygon_builder>
In

<usedin| ref>
<layer_1ef>
<layersipgle ref>
<layersgt_ref>
<dim_vaue>
<profilegesc_ref>
<cutout [ name>
<well_name>
<nomingl_angle>
<surface>
<cutmogle>
<rem_vaue>
<barreldesc ref>
<dlot_name>

<slot_w|dth> Q :
<groovg_name> '

<grooveg_width>
<hole_name>
<hole_type>

<primitiye_re

<circle yef>
<rectctr| ref>
<rectcni_ref>
<rectcham—ref
<rectround_ref>
<oval_ref>
<dshape ref>
<diamond_ref>
<hexagon_ref>
<octagon_ref>
<xform>
<target_ref>
<color_ref>
<logo_ref>
<keepout_name>

& BAREBUARDTEST: <continuity_voltage>, <
<isolation_voltage>;
}

In
$ENDBOARDS

MUty _curment>,

string - references a <board_na
{<layersingle ref> | <layerset_r
string

string

p_number
string
string
string
angle_uni

MECHANICAL | ELECTRICAL | TOOLING}1

eircle ref> | <rectctr_ref> | <rectcnr_ref> | <rectcham_ref> |
<rectround_ref> |<oval_ref> | <dshape_ref> |<diamond_ref> |
<hexagon_ref> | <octagon_ref>}1

string

string

string

Sr? g

string

string

string

string

string

string

<xy_ref>, [<rotation>],[<mirror>],[<scale_factor>]

string

string - color name identified in SHEADER; the default is "black"
string

string
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<keepout_type> {COMPONENT | VIA | ROUTE | TESTPIN | TESTPROBE |

BOARD} 1
<continuity_voltage> ::= p_number - Units shall be expressed in volts
<continuity_current> = p_number - Units shall be expressed in amps
<isolation_voltage> = p_number - Units shall be expressed in volts

48.6.1 BOARD

The BOARD statement is used to identify a printed board or printed board coupon. The first parameter,
<usedin_ref>, shall be the unique name of the board assigned in the HEADER of the GenCAM file.

4.8.6.2 OUTI INF

The OUITLINE statement is used to define the outer periphery of the board, usi g onexgr more polygon

shapes. | The first parameter, <layer_ref>, is required and is used to reference ayer set
associated with the board. An OUTLINE statement shall be followed by eitter a P fatement
that references and locates a closed shape, or by sufficient GenCAM s Ik nents to

describg and locate the closed shape(s). The point of origin of the ing.sha he logation to
which all the other board characteristics, i.e., holes, cutouts, dots, efc. a ' .

The opti grameter,
<dim v b second
parameter,

48.6.3 | CUTOUT

The CUTOUT statement is used to name and ) : of the board, which has haf one or
more | ay N8 equired. Itisafreeform string thet serves
to unigyely name the cutout nstance. T & cter, <layer_ref>, is optional, and iq used to
reference the individual laye SSelefe hssumed
to inclugde al layers. A.C ferenced

primitive simple
primitiv

4.8.6.4

The WH . Thefirst
paramet the well
ibnstance i :II ar;lgile
etween walls.

The thir| TOM or
BOTH, > isaso
required _value>

supplerrients the <cutmode> parameter, and provides the measure of the material removed or themeasure
Of the n*ah:nal that-remaHas: Tho Six pnramd‘or (harrd Hacn rnf\ |c np'h nnal’ nnrl canreferencd a barrel

Trerce

description as defined in the PRIMITIVES section of the GenCAM fileif the WELL is plated, coated or
filled; the default is HOLLOW. The seventh parameter, <profiledesc_ref>, is optional. It can serve to
define tolerances on any plating of the well, and when present, shall reference a finish profile description
as defined in the PRIMITIVES section of the GenCAM file. A WELL statement shall be followed by
one or more in-line or referenced primitive definitions identified as being part of the set of
<shape_builder> descriptions. If simple primitives are used, they shall describe a closed shape.

48.6.5 SLOT

The SLOT statement is optional, and can be used to identify dots in the board. The first parameter,
<dot_name>, isrequired. Itisafreeform string that shall serve to uniquely identify the slot instance. The
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second parameter, <dlot_width>, is also required, and shall define width of the dot. The default
condition for a dot is vertical walls, completely through the board. The third parameter, <layer_ref>, is
optional, and is used to reference the single layer or layer set associated with the slot. When omitted, a
dlot isassumed to include all layers.

The SLOT description shall be immediately followed by either a POLYLINE statement that references
and locates the dot shape, or by one or more GenCAM Graphic Primitive statements which are used to
describe the dlot, from beginning to end, as a form of polyline. It is assumed that dots have rounded
corners a their ends. The definition of the slot is to the center of the radius at the xy location ends of the
polyline.

4.8.6.6 [ GROOVE

The GROOVE statement is optional, and can be used to identify grooyes cut inNthe” bpard for
segmentation or other purposes. The first parameter, <groove name>, is reg - string
that shall serve to uniquely identify the groove instance. The second parafnete ,isdso
required, and shall define the width of the groove at its widest sectian. iz rd 93 ..v of the
GROOVE statement, <nomina_angle>, shall define the nominal & ) of the
groove. | An angle of zero shall be understood to define vertical, pa Y he tourth parameter,
<surface>, is also required, and shall be one of the fixed fi R d shall
define the side from which the groove is ground. The fif <ot de> isaso req red and
shall be one of the fixed fields REMOVE or REMAIN. 3 <rem_value> supplements
the REMOVE or REMAIN parameters, and prowdes & Ies the . aterlal removed or the|measure
of the n 1 esent, it
shall re file. It
represer] e follow
by a PQ s on the
board.

4.8.6.7

The HO e of the
board. ] by name
the holei Cription.
The se¢ one of
ELECT red and
shall ref ign of the
GenCAl| g barrel
descript drameter,
<profile he sixth
paramet It can define the individual layer, <layersingle>, or group of
layers, < 3enCAM
file. If a<layer_ref> parameter is not included then all layers are assumed.

The remaining parameters define the placement of the hole. The x-y transform is required and shall
define the relative position of the point of origin of the hole's primitive with respect to the board origin.
The rotation parameter is optional, and can define the angle between the orientation of the primitive as
defined, and its position on the board, measured counterclockwise. Any mirroring shall be done before
the shape is rotated. The mirror parameter is optional, and can be used to indicate that the hole is
mirrored before becoming part of the board.

48.6.8 TARGET

The TARGET statement is optional, and can be used to name and define a z-axis alignment or x-y
registration feature (e.g. fiducial). The first parameter, <target_ref>, isrequired. It is afreeform string
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that servesto reference the target definition in the ARTWORKS section of the GenCAM file. The second
parameter, <layer_ref>, is optional. It can define the individua layer, <layersingle>, or group of layers,
<layerset>, to which the TARGET should be applied, as defined in the LAY ERS section of the GenCAM
file. If a <layer_ref> parameter is not included then all layers are assumed. The third parameter,
<color_ref> is optional, and can be used to reference a color as defined by the COLOR statement in the
HEADER section of the GenCAM file.

The remaining parameters define the <xform> of the target. The <xform> is composed of an <xy_ref>
parameter that is required and shall define the relative position of the point of origin of the target with
respect to the board origin. A <rotation> parameter is optional, and can define the angle between the
posmon of the target as defined, and its orrentatron on the board, measured counterclockwise. Any

: be used
{er that is

to indica
applied

o0 all dimensions of the target

4869 LOGO

The LOGO statement is optional, and can be used to name and defr e the Tego taYbe'x e board.
The firqt parameter, <logo_ref>, is required. It is a freeform g the logo
definitign in the ARTWORKS section of the GenCAM file__Tt | ref>, is
optionall It can define the individua layer, <Iayersrng|e> hich the
LOGO ghould be applied, as defined in the LAYERS ¢ yer_ref>
parameter is not included then all layers are assumed: {h ignal, and
can be ised to reference a color as defipéd ion of the
GenCAM file.

The ren; Xy_ref>
parameter that is required and [ Xi ’ i igi get with
respect {o the board origin.’ A ' Netey is o : [ veen the
position| of the target as de ed and i ' [ ' : ife. Any

mirroring shall be done ber

to indicdte that the axtwo
applied fo al dim

~Fhe <mirror> parameter is optional, and can| be used
arameter is an optional <scale factor> multipligr that is

4.8.6.10
The KE| s hQnal, and can be used to name and define an area of the boargl, inside
which ig probes, components, etc. The shape defined for the keepout regionfmust be

closed.
name th

pout_name>, is required. It is afreeform string that serves to pniquely
he second parameter is the keepout type, <keepout_type> and ig a fixed

statement shaII be foIIowed by a POLYGON statement that reference and Iocate the keepout shape, or by
sufficient GenCAM simple primitive statements to describe and locate the closed shape(s).

4.8.6.11 BAREBOARDTEST

The BAREBOARDTEST statement is required and is used to identify the test voltage and current to be
used for board continuity testing. The first parameter, <continuity_voltage>, identifies the continuity
voltage in volts. The second parameter, <continuity_current>, is the continuity current in amps. The last
parameter, <isolation_voltage>, is the isolation voltage in volts.
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A BOARDS Section Example:

$BOARDS
BOARD: "66540";
OQUTLINE: "Al'l";

LINE: (0, 0), (12000, 20000);

Cl RCARC: (12000, 20000), (12000, 30000), (11800, 25000);

LI NE: (12000, 30000), (10000, 30000);
THI CKNESS: 150, "connector?2";
LI NE: (10000, 30000), (O, 0);

CUTaJt: "TransfornerHol e", "Al";

SENDBOARDS

4.8.7 |[DRAWINGS

The DRAWINGS section is used to identify and describe the drawing s
that areipcluded in the GenCAM file shall be described in the GenCA
referencad in this section for informational purposes only.

DRAWINGS =  $DRAWINGS
> Y

USEDIN:
> I

: aving_revision>;
BER: <drawing_number>;

FRAME: <artwork_ref>, <xform>;
&0
INSERT: <item_ref>, <xform>;
.> 0{
FILTER: <layersingle ref>;
In
In

CHROLE—"ReounrdCut——(-806006—140000)
HOLE: "Thol el", "Pl atedToolingl875", , (11550, :
HOLE: "Thol e2", "Pl atedTool i ng1875", , (550, 5%

ATTRI BUTE: "MegaTool ", "board mll tool"

drawings

{n other formats can be

&0{

SYMBOL: <symbol_ref>, <comp_refdes>, <circuit_ref>,

[<color_ref>], <xform>;
> {
1{ SYMPIN:<sympin_ref>, <net_ref>;} n

& O {TEXT: <text_string>, <pl>, <p2>, [<font_ref>],

[<color_ref>], <xform>;} n
< In
In
& Of
NET:<net_ref>;
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Note: Th¢ DWGREF statement references an externally defined drawing:

>
<polyline_builder>
| TEXT: <text_string>, <p1>, <p2>, [<font_ref>],
[<color_ref>], <xform>;
< In
In
& 1{<shape builder>}n
& O{ ARTWORK: <artwork_ref>, [<color_ref>], <xform>;}n
& O{ LOGO: <logo_ref>, [<color_ref>], <xform>;} n
& Of{ TEXT: <text_string>, <p1>, <p2>, [<font_ref>],
[<color_ref>], <xform>;} n
5
< in
< }
| DWGREF: <url>, <drawing_format>;
< In
< }In

$ENDDRAWINGS

defined intline in the GenCAM file.

<usedin| ref> = board(s) or assembly(ies)

<drawing_name> =

<url> =

<drawir|g_format> = Standards RFC-2045 — RFC-2049

" or "text/html", or

<drawirjg_type> = BLY | SCHEMATIC | DETAIL |

<drawing_size>

<drawirjg_revisio

<drawirg_numb

<drawing_date>

<sheet_number>

<sheset_|

<artwork_|

<item_ref ifing - areference to the name of an image in the PRIMITIVES
ARTWORKS, or PATTERNS section of the GenCAM file.

<layersihgle™ = {string | TOP | BOTTOM | BOTH}

<symbo|_ref> = string

<comp_yefdes> = string

<circuit|ref> = string

<color_ref> = string - <color name> identified in $HEADER,; the default is "black"

<sympin_ref> = string

<net_ref> = string

<text_string> = string

<pl> = <xy_ref> - pl and p2 define the corners of the rectangle

<p2> = <xy_ref>

<font_ref> = string

<logo_ref> = string

<xform> = <xy_ref>, [<rotation>], [<mirror>], [<scale_factor>]

71


https://iecnorm.com/api/?name=e5c172747dadefadd1442b984988e807

Copyright © 1998, IPC; 1999, IEC
IPC-2511 GenCAM November 1998

The $DRAWINGS and $SENDDRAWINGS section keywords mark the DRAWINGS section of the
GenCAM file. Each DRAWING description shall start with the DRAWING statement keyword.

48.7.1 USEDIN

The USEDIN statement associates the drawing statements that follow with the <usedin_name> of a
board(s), panel(s), assembly(ies) or fixture(s) as defined in the HEADER section of the GenCAM file.
48.7.2 DRAWING

The DRAWING statement is used to identify a single sheet or multiple sheet drawing. The first
parameter, <draw|ng name>, contalns a unlque DRAWING name. It |s a free f|eId text strlng This

name car g second
parametgr, bntai ned
in the GenCAM file. The third parameter, <drawing_format>, is optional a t for the
drawing| information in accordance with IETF standards RFC-2045 - f ENCAM,

POSTSCRIPT, HTML. The default is GenCAM.

48.7.3 | DWGTYPE
The DWGTYPE statement, <drawing_type>, is used to define they [ one of
FABRICATION, ASSEMBLY, SCHEMATIC, DETAIL, S

48.7.4 | DWGSIZE

The DWGSIZE statement, <drawing_size
B, C,DJE, AQ, Al, A2, A3 or A4.

ne of A,

48.7.5 DWGREV
The DWGREV statement,

48.7.6 DWGNUMB
The DWGNUMB

the drawing.

48.7.7

The DW
date for

igted with

4.8.7.8

The SH
required
SHEET s
sheet numbers of multi pIe sheet drawings.

48.79 FRAME

The FRAME statement is used to specify a graphic template for drawings. The first parameter,
<artwork_ref>, references an artwork outline for the drawing border, zone identifiers, and the drawing
title block. The second parameter, <xform>, identifies the relationship with the drawing border and its
constituents to the drawing size. Mirroring, rotation, and scaling are not required.
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4.8.7.10 INSERT

The INSERT statement is used to be able to take any symbol previously defined and re-use it in any
drawing. This includes primitives, as well as artworks or patterns. The first parameter, <item_ref>,
identifies the PRIMITIVE, ARTWORK, or PATTERN to be inserted. The second parameter is <xform>
and is required to locate the image and the relationship to the FRAME of the drawing. All parameters of
<xform> apply.

48.7.11 FILTER

The FILTER statement is intended to define portions of various primitives, artworks, or patterns used
within the drawmg The flrst parameter <Iayersmg|e ref> is required and identifies the sheet's
relationgnip o neg ' ' 0S.

The SYMBOL statement is used to instantiate the schematic graphics fg idea ice circuit
rendering i i afi in tt RONENTS
section N QUi 2 ' SY MBOL
described in the PATTERNS section. The second parameter, <comp\refdesi ived 2 ines the
reference i N oy Y i rameter,
<circuit| ref>, is the reference as to which circuit within the comporent g ek e fourth
paramet | [ EADER
section. | The fifth parameter, <xform>, is required and {dentifi St thin the

| the schematic drawing.

48.7.13 SYMPIN

The SYMPIN statement is used to descri
graphics, by cross-referencing asymbol pini i
of the GenCAM file. The f amete s required and identifies the symbol pin
alphanumeric reference. ¢ 3 _nef> is mandatory, and identifies the net jname of
the signdl asidentified infthe ection 2NnCAM file.

ice circuit
$ section

487.14 NET <>

The NEJT statement S S e signals from the ROUTES section of the GenCAM file, to
graphic ' drawing paths and logic and schematic symbols that|identify
compon first_pdrameter, <net_ref>, is required and references a <nef_name>
assigned i The reference shall be followed by a number of <polyline_puilder>
statem ated within the FRAME of the drawing to connect SY MPIN imgges that

corresp

lex, and
user primaiti and-arerequired
on every drawing. In add|t| on, other features may be predeflned in the ARTWORKS sectl on and added
to a drawing through an <artwork_ref>, or <logo ref>. TEXT is used throughout al drawing
descriptions to complete title blocks in the FRAME, and to add appropriate notes or annotation to the
drawing.

A DRAWING Section Example

$DRAW NGS
USEDI N: " ESD- VOCCDER', " MSD- VOCODER', " APPLI CATOR';
DRAW NG " S23";
DWGTYPE: SPECI FI CATI ON,;
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DWGSI ZE: " A",
DWGREV: "1.2";
DWGDATE: 1997- 08- 07,
DWCREF: "http://ww. ipc.org/format/Asize",
"text/postscript";
USEDI N: " MsD- VO CEOVER';
DRAW NG "d23";
DWGTYPE: SCHEMATI C,
DWGSI ZE: "D';
DWGREV: "1.2";
DWGDATE: 1997- 08- 07,

FRAVE: "D-Size-Format", (0,0);

LOGO, "DEC 24", ,"Black", (2.30, 0.50);
ARTWORK: " 21 nput NAND', , "Bl ack”, (12.6
ARTWORK: " 21 nput NAND', , "Bl ack", (11.

ARTWORK: "syns";
LINE: (121.1, 16.1), (12.3,
LINE: (12.3, 14.7), (12.4,

ARTWORK: "Notes for test",

SENDDRAW NGS

4.8.8 [PRIMITIVES

The PRIMITIVES section is provided fof\the bisel \ , naming
and giving initial dimension to shapes, refere . edefined

primitives, the definition provides only 5 named
definitigns of line and paint characteristics enclosed
primitives, while either line of paint gharacte res. The

PRIMITIVES section has the

PRIMITIVES

LINEDESC:<linedesc_name>, <line_width>, [<line_end>],
<color_ref>], [<line_type>], [<line_space>], [<line_length>]

[<line_mod>], [<xmod_end>], [<dim_A>], [<dim_B>], [<dim[C>];

In
& Of
PAINTDESC: <paintdesc_name>, <paint_type>, [<color_ref3],
[<line_width>], [<pitch1>], [<anglel>], [<pitch2>], [<ar|gle2>];

L
& Of
BARRELDESC: <barreldesc_name>, <barrel_typel>, <material1>,
[<min_thickness1>], [<barrel _type2>], [<material 2>],
[<min_thickness2>], [<barrel _type3>], [<material 3>],
[<min_thickness3>], [<fill_material>];
In
& Of
PROFILEDESC: <profiledesc_name>, <finished LMC>,
<finished MMC>, [<start_LMC>], [<start MMC>];
In
& O{CIRCLE: <circle_name>, <diameter>;}n
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& O{RECTCENTER: <rectangle_name>, <x_dimension>,
<y_dimension>;}n
& O{RECTCORNER: <rectangle_name>, <p1>, <p2>;}n
& O{RECTCHAM: <rectcham_name>, <width>, <height>, <chamfer>;}n
& O{RECTROUND: <rectround_name>, <width>, <height>, <radius>;}n
& O{OVAL: <ovd_name>, <width>, <height>;} n
& O{DSHAPE: <dshape_name>, <end_shape>, <orientation>, <width>,
<height>, {<radius> | <chamfer>}1;}n
& O{DIAMOND: <diamond_name>, <width>, <height>;} n
& O{HEXAGON: <hexagon_name>, <point_to_point>;} n
& O{ OCTAGON: <octagon_name>, <point_to_point>;} n
& O{ THERMAL: <therma_name>, <therm_shape>, <outer_diameter>,
<inner_diameter>, [<spoke_cou »\w|dth>],
[<spoke_start_angle>], [<spa
& O{ POLYLINE: <polyline_name>;
4
LINE: <start_xy>, <end_xy>;
| CIRCARC: <start_xy>, < B
Note: 0sed shape whose edges do not cross.
The $PI ITIVES section keywords mark the PRIMITIVES section of the
GenCAl|
<usedin| ref> = string - a$HEADER fixture(s), panel(s), board(s) or assembly(igs)
<linedegc_name> = string
<line_ wjdth> = _number
<line end> = {NONE | ROUND | SQUARE}1 - The default is ROUND
<color_ref> = string - <color_name> identified in $SHEADER; the default is BLACK
and BLACK or NONE if <paint_type> is VOID.
<line_type> = {SOLID |DOTTED | DASHED | CENTER | PHANTOM | ERASE} 1
- The default is SOLID
<line_space> = p_number - Distance between center line of dots and/or start
and end of lines,
<line_length> = p_number - Distance between start and end of dashes or lines.
The diameter of adot is equal to the line width.
<line_mod> = {TP|TD |SL1|SL2 | NONE}1 - The default is NONE.
<mod_end> = {START | FINISH | BOTH} 1
<dim_A> = p_number - Distance from end of line to finish of modification,
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or radius of secondary round feature. (see 4.1.2.4)
<dim B> = p_number - Distance from end of line to extension of
modification.
<dim_C> = p_number - Radiusjoining curvature of land to line center.
(see Figure 4-3)
<paintdesc_name> = string
<paint_type> = {HOLLOW |HATCH | MESH | FILL | VOID}1
- The default is HOLLOW. VOID designates an opague
absence of FILL within or intersecting a FILL, HATCH, or
MESH enclosure.
<pitchl> = p_number - Distance between line centers of HATCH or first
St of MESHTINES,
<anglelp = <degree value>- (0-180) - 0-90 areonly used i Nt
type
<degree| value> = number
<pitch2p = p_number fond
set of MESH lines
<anglezp = <degree value>- (90 - 180) - second Nne set s
<barreldesc_name> = string
<barrel_[typel> = {HOLLOW | FILL | COAT
AUl t
<materipl 1> = on
<min_thickness1> =
<barrel_|type2> =
<materipl2> = pndition
<min_thickness2> =
<barrel_|type3>

<materi

<min_thi

<profilg

<finished_LM

<finishe

<start U

defines material type for the final wall conditign
maximum dimension controlled using
MMC of PROFILEDESC

identification of metallic and non-metallic
meaterials for filling the hole.

variation from nominal to least materid
condition

variation from nominal to maximum
material condition.

variation from nominal to least material condit{on
prior to the addition of plating or coating (see

RARDCL NGO

<start, MMC>

<circle |

<diamet

name>
er>

<rectangle_name>

DATNMLLUL OV ).

p_number - variation from nominal to maximum material
condition prior to the addition of plating or coating
(see BARRELDESC).

string - £e 6.6

p_number —dimension values for all primitives can be any convenient
value. The actua size of a feature will be determined by
applying the scale value of its transform to the defined
dimension.

string - £e 6.6

76


https://iecnorm.com/api/?name=e5c172747dadefadd1442b984988e807

IPC-2511 GenCAM

Copyright © 1998, IPC; 1999, IEC
November 1998

<pl> = <xy_ref> — The coordinates pl and p2 define the corners of the
rectangle where pl is the lower left hand corner and p2
is the upper right hand corner.

<p2> = <xy_ref>

<x_dimension> = p_number - The <x_dimension> is the length of the
two parallel horizontal planes of the rectangle.

<y_dimension> = p_number - The <y_dimension> are the two parallel sides of the
rectangle where the sides are perpendicular to the
horizontal planes (the instance may then be rotated to
any angle).

<rectcham_name> = string - See6.7

<width3 = p_number

<height® = p_number

<chamfer> = p_number - the chamfer sizeisthe leng the
chamfer. The chamfer is4%§

<rectroynd_name> string - See6.7

<radiusy p_number

<oval_ngme> string - See6.7

<dshapg _name> string - seeb.7

<end_shape> {ROUND | CHAMFER | FI

<orientgtion>

<diamond_name>
<hexag(Tn_name>
<point_{o_point>

<octagon_name>
<thermd_name>
<therm_{shape>
<outer_giameter>
<inner_giameter>
<gpoke |width>
<spoke [start_ang ::
<angulay_measur N
<spoke [count>

{NORTH | SOUTH}1 -
string :
string

p_numbet e points

- default is O (donut)

<spoke | | SQUARE | PARALLEL}1

<polylirje_1 - e 6.8

<start_xy>

<end_xy

<centers <xy_ref>

<focuslp = <xy_ref>

<focus2p = <xy_ref>

<directipn> = {CLKW | CCLKW}1 - Default is CCLKW, counterclockwise
<p0|yg0 A—fame> = St v see6:8

48.8.1 USEDIN

The USEDIN statement associates the statements that follow with the <usedin_name> of a board(s),
panel(s), assembly(ies) or fixture(s) as defined in the HEADER section of the GenCAM file. At least one

<usedin_ref> isrequired.

48.8.2 LINEDESC

A LINEDESC statement serves to name and define line characteristics, which can then be referenced
throughout the GenCAM file, and associated with both closed and non-closed shape primitives. The first
parameter, <linedesc_name>, is required. It is a freeform string that serves to uniquely name the line
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description. The second parameter, <line width>, is required and shall define the line width in
dimensioned units. The third parameter, <line_end>, is optional and can be used to describe the line end
as one of SQUARE, ROUND or NONE. The default is ROUND. The fourth parameter, <color_ref>, is
optional and references the <color_name> as defined in the GenCAM HEADER section. The fifth
parameter, <line_type>, isoptional and shall define the line type as one of SOLID, DOTTED, DASHED,
CENTER, PHANTOM or (solid) ERASE. The default is SOLID. The sixth and seventh parameters,
<line_space> and <line_length>, shall be used to define the relationship of DOTTED, DASHED,
CENTER, and PHANTOM lines. The eighth parameter, <line_mod>, is optional and can be used to
describe the line end modification as tear-drop (TD), tapered (TP) or one of two sub-land patterns (SL1,
SL2). See Figure 4-3. The default is NONE. The ninth parameter, <mod_end>, serves to identify the
application of the line end modifications. The application can be to the START end, the FINISH end, or
BOTH. e defaultis . en Line modification IS instantl ~the dimengona characiefistics A,
B, and ¢ are the remaining parameters.

4.8.8.3 | PAINTDESC

A PAINTDESC statement serves to name and define a set of characteyist pphied to closed
shapes. [The first parameter, <paintdesc_name>, isrequired. It isafre 1 Liniquely
name the paint description. The second parameter, <paint_type QUi Ke b texture
using HOLLOW, HATCH, MESH, FILL or VOID. The defaiit.is HQ W. ¥ [ rameter,
<color_ref>, is optional. Color definition can be done witp i me G is|defined,

pe over-
ridden &t the time of instantiation. The remaining pa CH and
MESH. [ The first of these, <line width>, defines He cpitchl>
defines the distance between the first set ollines, 1 ' e of this
set of limes. The last two parameters, <pitchZ2x anch<angle2 3 lines for
MESH.

4.8.8.4 | PROFILEDES

The PROFILEDESC state § 8 The first
parameter, <profiledesc 2 ' is a freeform string that shall serve to uniquely|identify
the profjle description inished_LMC>, is required and defines the permitted

variation from nomiva t ; steriak condition (LMC) of a feature or the product. The third
paramet equirech-and defines the permitted variation from noming to the
maximu a feature or the product. The fourth parameter, <start LMC>, is
optional s the p8 d variation from nominal to the least materia condition (LMC) of a
feature jor t ating, coating or additiona material removal. The fifth pgrameter,
<start_Miv defines the permitted variation from nominal to the maximum |material

conditio or the product prior to plating, coating or additional material removgl.

4.8.8.5

The BARRELDESC statement serves to further describe a HOLE or a WELL. The first parameter,
<barreldesc_name>, is required. It is afreeform string that shall serve to uniquely identify the barrel or
the wall description. The second parameter, <barrel_typel>, is required and shall be one of the GenCAM
reserved words HOLLOW, FILL, COAT or PLATE. The third parameter, <material>, is required except
for HOLLOW; it is a freeform string that defines the material for the hole or well. The fourth parameter,
<min_thickness1>, is optional and defines a dimension for the minimum required thickness of material
that would be within the limits of the <finished LMC> of PROFILEDESC. The next three parameters
are an optional set that starts with <barrel_type2>, and can be applied to FILL, COAT, or PLATE. The
following two parameters, <material2>, and <min_thickness2> define the material and thickness of the
secondary plating, or coating. If the secondary plating or coating is applied the minimum thickness
becomes the determinator of the <finished_LMC> parameter; maximum thickness is controlled by
<finished_MMC>. If the desire is to FILL the hole the third parameter <min_thickness> is not
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applicable. The same rules apply for the next set of three parameters starting with <barrel_type3>, which
pertains to a third plating or coating. In the case of multiple platings, or coatings, the order is significant,

and sha

Il follow the order of manufacturer. The last parameter, <fill_material>, is optional.

It is a

freeform string that can be used to identify the fill materia of a hole or well that has been plated or

coated.

A PRIMITIVES Section Example

$PRI M TI VES
USEDI N: " ESD- VOCODER', " MBD- VOCODER', " APPLI CATOR';
LI NEDESC: "Linel", 0.8, SOLID;
L | NEDESC: "Iinn?", Q Q, nAQI—IIZn, 1 R, 3 ’)’ QQIADIZ;
PROFI LEDESC: "Profilel", 46, 40, 36, 32;
BARRELDESC: "CuSnPbFill", PLATE, “Copper”,
PLATE, "TinLead", 0.5, FILL, "E
POLYGON: " P34";
CIRCARC. (0, -50), (0, 50), (0, 0);
LINE: (0, 50), (-100, 50);
LINE: (-100, -50), (-100, 050);
LINE: (-100, -50), (0, -50);
ClRCLE: "circ2", 2.0;
CIRCLE: "circil2", 12.0;
CIRCLE: "circ8", 8.0;
RECTCORNER. "r ect 6"
RECTCENTER. “rect 3’
SENDPRI M TI VES

12 70 2355);

489 | ARTWORKS

The ARTWORKS section to (\J ng logos
(LOGOQ], features (FEATNURE : RKS are
defined referencing stang N neskprimi

ARTWORKS

ARTWORK: <artwork _name>;
4
<shape_builder>
| TEXT: <text_string>, <p1>, <p2>, [<font_ref>], [<color_}
<xform>;

L1 OGO <loao—raf>s [<ecalor raf>] <vfarm>-
OG0+ <Coror—ec—17—<Or =

oo Ts

| ARTWORK: <artwork_ref>, [<color_ref>], <xform>;
< In
In
& Of
TARGET: <target_name>, <function>, { <padstack_ref> |
<artwork_ref>} 1, [<color_ref>];
| TARGET: <target_name>, <function>, [<color_ref>];

> {

< }
In

<shape_builder>

ef>],
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& Of
FEATURE: <feature_name>, [<linedesc_ref>], [<paintdesc_ref>],
[<color_ref>];

> {
<shape_builder>

< }

In

& Of

LOGO: <logo_name>, [<color_ref>];

> Y
<shape_builder>
[ TEXT: <text_diring>, <pL>, <pZ>, [<font_rel =], [<color_rep],
<xform>;

< In

In

& 0f

UFONT: <font_name>;

> Y
GLYPH: <char_code>,

>
<
<
<
<

<usedin| ref> n=
<artwork_name> =
<text_stfing> u=
<pl>
<p2> 7=
<font_re A
see JFONT). When not specified, the font default is Helvefica.
<color_i <color_name> identified in $HEADER,; the default is BLACK
<xformj [<rotation>], [<mirror>], [<scale_factor>]
<logo_r
<artwork ref g
<target_jname>
<functign> {REGISTRATION | ALIGNMENT | MARKER} 1
<padstack<ref> = string
<logo_name> =—3HhAg
<feature_name> = string
<linedesc_ref> = string
<paintdesc_ref> = string
<font_name> = string
<char_code> = p_integer

The $ARTWORKS and $ENDARTWORKS section keywords mark the ARTWORKS section of the

GenCAM file. Each artwork description shall start with the ARTWORK statement keyword.
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489.1 USEDIN

The USEDIN statement associates the statements that follow with the <usedin_name> of a board(s),
panel(s), assembly(ies) or fixture(s) as defined in the HEADER section of the GenCAM file.

489.2 ARTWORK

An ARTWORK statement serves to name and collect text and/or shapes, which are referenced to a
common origin. Each <artwork_name> defined in the ARTWORKS section shall be unique. If the CAD
system does not define artwork names, or just uses a sequenced order, then names such as artworkl,
artwork?2 etc shall be used. The only parameter required is <artwork_name>. It is a freeform string that
serves to uniquely name the artwork. Statements immediately following the ARTWORK statement are
optionalrand inciude or Teferance Shiape primitives as defimed Dy the parameter <Siape_puitdar>] TEXT,

which consists of the <text_string>, the bounding box, (<pl>, <p2>), for the t¢ b a font,
<font_ref>, an optional reference to color, <color_ref>, and the transformatiop of the fext box;
a reference to a pre-defined logo(s), <logo_ref>, with its color, <color_ref>"a S xform>;
and areference to a pre-defined artwork(s), <artwork_ref>, with its color, < ) frmation

<xforms

A4

4893 TARGET

A TARGET statement serves to name a specia use [ g s thet are referenged to a
common origin. Each TARGET defined in the ARTWO D system

does not define target artwork names, or just uses a seq | target2
etc. shall be used. The first parameter, <target nare $erves to
uniquely name the target. The second pafams target’s
special function as one of ALIGNMENT, R

A TARGET can be defined in one of el i ,|either a
reference to an artwork, <argivol 2f> ™o , _ref>, method
includeg or references she DK Mt £i & > bui . irstmethod,
the third parameter is req a fre ing that shall reference an artwork or a pagstack as
defined |n their respectiv i S file. For both methods, the last parameter is pptional,
andcanbeused ¢ i i ile.

4.8.9.4

A FEAT
commor|

third pg
fourth
Statemey
identifie

4895 LOGO

A LOGO statement serves to name and give special meaning to a collection of text and/or shapes that are
referenced to a common origin. A LOGO is a special designation of an ARTWORK. The first
parameter, <logo_name>, is required. It is afreeform string that serves to uniquely name the logo. The
second parameter, <color_ref>, is an optional reference to a color defined in the HEADER section of the
GenCAM file.

Statements immediately following the LOGO statements shall define or reference shape primitives
identified in <shape_builder>. This collection of shapes shall serve to define the logo. An additiona
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optional statement, TEXT, may also be part of the logo description. The statement TEXT consists of the
<text_string>, the bounding box for the text, (<pl>, <p2>), reference to a font, <font_ref>, an optional
reference to color, <color_ref>, and the transformation, <xform>, of the text box;

489.6 UFONT

A UFONT statement serves to name and give specia meaning to a collection of shapes, which are
referenced to a common origin. A UFONT is a special designation of an ARTWORK made up of
individual characters that are referenced in the description of atext string (TEXT). The first parameter,
<font _name>, isrequired. It isafreeform string that serves to uniquely name the user font. The UFONT
statement is immediately followed by a group of individually identified characters under the keyword
statement GLYPH. Each GL YPH character shall have a unique identifier

48.9.7| GLYPH

A GLYIPH statement serves to name and give special meaning to a collectio ters that
a user wishes to identify as his own unique font. The first parameter, <c . Itisa
positive|integer intended to identify the character. The second paramg sthe xy
coordingte of the lower left hand corner of the character box. Th required
and prcEideﬁ the xy coordinate of the upper right hand co btements
immedigtely following the GLYPH statements shall defing© tified in
<shape |puilder>. This collection of shapes shall serve {6 defipe 1 be so
located that their <linedesc> enhancements are contai ithi 9 1>, and
<p2>).

4898 | TEXT

The opti ed to an
ARTW( ng. The
second nat shall
contain ametey i iediand defyries the upper right hand xy coordinate of the box

luding the line width, must completely f[t within
‘ The fourth parameter <font_ref> is optiong. Itisa

acceptable font known in the printing industry. The default
T <font_name>, then the <text string> shall identify the text in
2d to create the GLYPH characters. The fifth parameter,
ce to a color identified in the HEADER section. [The last

e Xy coordinate, <xy_ref>, to locate the point of origin, <pl1>, of|the text

tey, <rotation>, is optional and defines the rotation of the text about the <p1>
unterclockwise. Any mirroring of the box, and therefore the text, myst occur
before the rotation isagplied. The third parameter, <mirror>, is optiona and defines the mirroring of the
text. Thefifth parameter, <scale>, of the transform set is optional and shall be a scale multipligr that is
applied to the x and y dimensions of the text box.

AN ARTWORKS Section Example

$SARTWORKS
USEDIN: "board 11352", "panel - 66540", "subpanel 66550";
ARTWORK: " Pl N1_MARKER' ;
ARTWORK: "PinDot", "Wite", (0, 6600);
POLYGON: "Land13", "Paint1", "Wite", (0, 0);
TARGET: "BadBoard", MARKER "PS3";
RECTCENTER 0.30, 0.30, "Psolid", , (0, 0);
LOGO "d ynpi a";
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ClRCLE: 4.0, sSO.ID, 0.8, "Blue", (2.0, 3.0);
CIRCLE: 4.0, SO.ID, 0.8, "Geen", (4.0, 3.0);
CIRCLE: 4.0, SO.ID, 0.8, "Yellow', (6.0, 3.0);
ClRCLE: 4.0, SO.ID, 0.8, "Red", (3.0, 1.0);
CIRCLE: 4.0, SO.ID, 0.8, "Black", (5.0, 1.0);
ARTWORK: "Circlel";
CIRCLE: 1.5, "Fill3", "Black";
ARTWORK: "Land12";
OvVAL: 2.2, 1.5, "Fill3", "Black";
LOGO. "Logo", "Paintl1", "Blue", (0, 0), 0, MRROR O0.8;
$ENDARTWORKS
4.8.10 | PATTERNS
The PA[TTERNS section is provided for the user to build a library of re € pa ad  stack
groupings by naming and giving layout data, referencing the GenCAM RADS iops. The
PATTERNS section has the following form.
PATTERNS =  $PATTERNS
> Y

USEDIN: <usedin_ref> 0{,<u

e, <pin_physical_ref>, <xfofm>;} n
work_ref>, [<layer_ref>], [<color_[ef>],

<feature _ref>, [<layer_ref>], [<color_ref>],
xform>;}n
RN: <pattern_name>, [<color_ref>];
<shape_builder>
}
In
&0{ SYMBOL: <symbol_name>, [<color_ref>];

{
<shape_builder>
& 0 {ARTWORK: <artwork_ref>, [<color_ref>], <xform>;} 1

& O{TEXT: <text_sirng>, <pI>, <pZ>, [<foni_ref>], [<color_ref>],
<xform>;}n
& Of SYMPIN: <sympin_name>, <location>;}n

< }
In
< }
< In
$ENDPATTERNS
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<usedin_ref> = string - a$HEADER fixture(s), panel(s), board(s) or assembly(ies)

<xform> = <xy_ref>, [<rotation>],[<mirror>],[<scale factor>]

<pattern_name> = string

<padstack_ref> = string

<pin_physical_ref> = string - Reference to pin name in PACKAGE section

<artwork_ref> = string

<layer_ref> = {<layersingle_ref> | <layerset ref>}1 - ThedefaultisALL

<layersingle ref> = string

<layerset_ref> = string

<target_ref> = string

<feature ref> = string

<color_fef> = SIring - <color_name> identified in $HEADER; The lack"

<symbo|_name> = string

<text_stfing> = string

<pl> = <xy_ref> - pl and p2 define the boundingba

<p2> = <xy_ref>

<font_ref> = string - references a standard true DR \ € ined font

(see UFONT). Whe - e font degfault is

Helvetica

<sympin_name> string

<location> <xy_ref>, [<rotation>],[

of the
MBOL

The $PATTERNS and
GenCAll
descript
4.8.10.1 USEDIN

The USEDIN statement associal state : poard(s),
panel(s)| assembly(ies) or fixty i

4.8.10.2 PATT@
The PATTERN st 3 Bme>, s

required. b usually
referenc pitern is
associat ps. Each
PADST umber, <pin_physical_ref>, of a package. The ROUTES sgction of

M correlation of the interconnections for each PADSTACK| in the
PATTE ‘ ssocigted with a drawing, the pattern is similar to an ARTWORK [and the
relationghip wi ysical pin is not required. The second parameter, <color_ref>, is optignal and
provides a referenceto a'color statement in the HEADER section.

The PATTI:DI\I ctatamonta tiend far NDAV/INC tnenrtian Arn tmamandi arAlvy fAllawvand vt Mﬂ'l-rwv\-\r]ts that
NSttt S oot T O DT vV TN O HioChtrorar S et Cry —Tonovy Covv i St Crcl

shall define or reference shape primitives identified in <shape_builder>. This collection of shapes shall
serve to define the pattern. The PATTERN statements used for COMPONENT reference require the use
of PADSTACK instances thus the PATTERN statements are followed by one or more PADSTACK
statements, and as an option a number of ARTWORK, TARGET, or FEATURE statements.

4.8.10.3 PADSTACK

The PADSTACK statement references a padstack definition. The first parameter, <padstack_ref>, is
required. It is a freeform string, and shall reference an entry in the PADSTACKS section of the
GenCAM file. The second parameter, <pin_physical_ref>, is required. It is a freeform string that shall
provide a crossreference to the package PIN definitions. The third parameter, <xform>, is a
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transformation set and is required. The transform set reestablishes the third parameter, <xy_ref>, as the
relative position of the point of origin of the padstack with respect to that of the pattern.

Note that the PATTERN defined using the PADSTACK instances is associated with a PACKAGE
definition in a DEVICE instance definition. Since the padstack |ocations defined here are coupled to the
package shape that is defined in the PACKAGE section, the point of origin for these definitions shall
coincide. PATTERN and DEVICE association is coupled in the COMPONENT section.

The fourth parameter, <rotation>, is optional and shall be the padstack rotation. The rotation is the angle
between the padstack position as defined, and orientation of the padstack relative to the pattern origin
measured counterclockwise. Any mirroring shall be done before the pad stack is rotated. The fifth
paramet i

be used
parametgr,
refereng
definitign of padstacks for PATTERNS.

4.8.104 ARTWORK

The ARTWORK statement is optional and adds an artwor
artwork [definition in the ARTWORKS section of the Gen
is required. It is a freeform string that serves to r
<layer_tief>, isrequired. It shall define the layer to w

point of
, land can
origin,
‘mirror>
ctor>, is

optional| and changes.all Use of

<scale_flactor> she

L or x-y
equwed.
of the

ARGET

The remaining parameters define the <xform> of the target. The <xform> is composed of an <xy_ref>
parameter that is required and shall define the relative position of the point of origin of the target with
respect to the pattern origin. A <rotation> parameter is optional, and can define the angle between the
target as defined, and its orientation relative to the pattern origin, measured counterclockwise. Any
mirroring shall be done before the target is rotated. The <mirror> parameter is optional, and can be used
to indicate that the target is mirrored. The last parameter is an optional <scale factor> multiplier that is
applied to al dimensions of the target.
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4.8.10.6 FEATURE

The FEATURE statement is optional and can add graphic symbology to the pattern by referencing a
feature definition in the ARTWORKS section of the GenCAM file. The first parameter, <feature ref>, is
required. It is afreeform string that serves to reference the feature. The second parameter, <layer_ref>,
is optional and can reference a single layer or layer set as identified in the LAYERS section. The third
parameter, <color_ref>, is optional, and can be used to reference a color as defined in the HEADER
section of the GenCAM file. The remaining parameters define the <xform> of the feature. The <xform>
is composed of an <xy_ref> parameter that is required and shall define the relative position of the point
of origin of the feature with respect to the pattern origin. A <rotation> parameter is optional, and can
define the angle between the feature as defined, and its orlentatlon reI atlve to the pattern origin, measured

yameter is
optional

<scale_flactor> multiplier that is applied to all dimensions of the feature

4.8.10.71 SYMBOL

A SYMBOL statement is optional and serves to name a specia A that are
referenced to a common origin. Each symbol defined in the PAT IER - gunique. If the
CAD system does not define the symbol names, or just u CE rder hen names such as

"symboll1", "symbol2", etc. shall be used. SYMBOLS a e K : hen a

relationship to a PIN is established symbols are usefy ' ' : r logic
DRAWINGS. The first parameter, <symbol_name>, i ired. i eéform string that gerves to
uniquely name the symbol. The second para 2, | i , and can be used to reference
acolor gs defined in the HEADER sectio : ile néxt set of statements are mandatory

and congist of primitives defined under the iptiQn of se_byidder>. ARTWORK statements are
optional| and reference predefined artwork: » provide
appropriate text descriptions that become PIN are
optional|and provide a pin narf ' Vo i in. ditional

4.8.10.8f SYMPIN

The SYMPIN st . TThefirst
parameter, i n. The
relationghi the net
name ass . These
relationshi CKAGE
descript j on the
assembl F can be
assigneq Y MPIN,

<locatio

4.8.10.9 “FVEXT

The optional TEXT statement can be used to define any text string, Size and location that is attached to a
SYMBOL. The first parameter, <text_string>, is required and defines the text string. The second
parameter, <p1>, is required and defines the lower left-hand xy coordinate of the box that shall contain
the text. The third parameter is required and defines the upper right hand xy coordinate of the box that
shall contain the text. All portions of the text, including the line width, must completely fit within the
text box defined by <pl1>, and <p2> parameters. The fourth parameter <font_ref> isoptional. Itisafree
form string that identifies the font as any acceptable font known in the printing industry. The default is
Helvetica. If the <font_ref> is a UFONT <font_name>, then the <text string> shall identify the text in
terms of the individual <char_code> used to create the GLYPH characters. The fifth parameter,
<color_ref>, is optional and is a reference to a color identified in the HEADER section. The last
parameter, <xform>, is a set of parameters locating and positioning the text box.

86


https://iecnorm.com/api/?name=e5c172747dadefadd1442b984988e807

Copyright © 1998, IPC; 1999, IEC

IPC-2511 GenCAM November 1998

The transform set includes, the xy coordinate, <xy_ref>, to locate the point of origin, <p1>, of the text
box. The second parameter, <rotation>, is optional and defines the rotation of the text about the <p1>
coordinate, measured counterclockwise. Any mirroring of the box, and therefore the text, must occur
before the rotation is applied. The third parameter, <mirror>, is optional and defines the mirroring of the
text. The fifth parameter, <scale>, of the transform set is optional and shall be a scale multiplier that is
applied to the x and y dimensions of the text box.

A PATTERNS Section Example

$PATTERNS
VoL U TN vual U= 9449090 Ao o CTIITUI y'QO‘-I-\JU i
PATTERN: " PAT34";
PADSTACK: "stack2", "1", (0, 0);
PADSTACK: "stack12", "3", (200, 0);
PADSTACK: "stack6", "2", (0, 100);
PADSTACK: "stack2", "4", (200, 100);
ARTWORK: "Pinl1", , (-100, -50);
FEATURE: "d ynpia", "Layer Top", , (
BENDPATTERNS

4.8.11 [ MECHANICALS

The MECHANICALS section is optional and can be
board, panel, or assembly; e.g. fixing heles and
MECHA

L fixture,

MECHANICALS :=
>

FIGHT: <dim_value>;} 1
ANDOFF: <dim_value>;} 1
& O{ ARTWORK :<artwork_ref>, [<color_ref>], <xform>;} n
O{HOLE: <hole_name>, <hole_type>, <primitive_ref>,
<barreldesc_ref>, [<profiledesc_ref>],[<layer_ref>], <xfprm>;} n
& Of{ ALIAS: <mfg_part_id>, [<part_revision>];} n
}

. In
< In
$SENDMECHANICALS

<usedin_ref> = string - a$HEADER fixture(s), panel(s), board(s) or assembly(ies)
<part_name> = string

<mfg_part_id> = string

<part_revision> = string

<assoc_comp_ref> = string - lineitem of an associated electrical part in the DEVICE section
<layer_ref> = {<layersingle_ref> | <layerset_ref>}1

<layersingle ref> = string

<layerset_ref> = string

<dim_vaue> = p_number
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<artwork_ref> = string

<color_ref> = string - <color_name> identified in $HEADER, the default is "black"
<xform> = <xy_ref>, [<rotation>],[<mirror>],[<scale factor>]

<hole_name> = string

<hole_type> = {MECHANICAL | ELECTRICAL | TOOLING}1

<primitive_ref> {<circle_ref>| <rectctr_ref> | <rectcnr_ref> | <rectcham_ref> |
<rectround_ref> |<oval_ref> | <dshape ref> |<diamond_ref> |

<hexagon_ref> | <octagon_ref>}1

<circle_ref> = string
<rectctr_ref> = string
<rectcnr_ref> = string
<rectcham_ref> = SIring
<rectroynd_ref> = string
<oval_ref> = string
<dshapg ref> = string
<diamond_ref> = string
<hexagqn_ref> = string
<octagop_ref> = string
<barreldesc_ref> = string
<profileplesc_ref> = string

The $SMECHANICALS and $ENDMECHANICAL
section i 3
48.11.1
The US
board(s)
48.11.2

The MH used to define mechanical components that

NICALS

ixture(s),

have not

been defi ¥g., items that are usualy not assigned an glectrical
function i * oGt dgre not pads, vias or test pins). The most common|of these
mechani artware for power transistors or card extractor mechanisms The

first par ;
a manuf y part name, a stock name, or anythl ng else that uniquely degi
mechani parameter, <mfg_part_id>, is optional. It is a freeform st
can be ine d\to §pecify a part number as it might appear on a purchase order. The third pg

contain
ines the
ing, and
rameter,

<part_revision> and defines a revision level of the manufacturer's part, if appropriate. The

comp_ref>, isoptional. It isafreeform string that isincluded if the me

part has|a relationship to’an electrical part as might be appropriate for an 1C heat sink. The string

chanical
defines

the el ecllrical <part_name> assigned to the device in the DEVICES section.

48.11.3 HEIGHT

The HEIGHT statement is required and is used to identify the mechanical component's maximum height
from the finished mounting surface. The only parameter, <dim_value>, isrequired. The <dim_value> is
given as a positive number in the UNITS <dimension> parameter defined in the HEADER of the

GenCAM file.

4.8.11.4 STANDOFF

The optional STANDOFF statement is used to identify the mechanical component's clearance from the

finished mounting surface. The only parameter, <dim_value>, isrequired. The <dim_value> is gi

ven asa

positive number in the UNITS <dimension> parameter defined in the HEADER of the GenCAM file.
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48.115 ARTWORK

The ARTWORK statement is optional and adds an artwork graphic to the mechanical part by referencing
an artwork definition in the ARTWORKS section of the GenCAM file. The first parameter,
<artwork_ref>, is required. It is a freeform string that serves to reference the artwork. The second
parameter, <color_ref>, isoptional. It isused to provide areference to a color as defined in the HEADER
section of the GenCAM file. The remaining parameters define the <xform> of the artwork. The <xform>
is composed of an <xy_ref> parameter that is required and shall define the relative position of the point
of origin of the artwork with respect to other features of the mechanical part. A <rotation> parameter is
optional, and can define the angle between the artwork as defined, and its orlentatlon relative to the

origin, mei t A ) d. The
<mirror; is mlrrored The
<scale f el sed. for [creating
the artw

4.8.11.6

The HO ine's iNed orpuncheyl feature
of the n 3 ym string that serves
to unigy nechani all’have a unigue name
within t ipti &ty S ired apd shall identify the hole
use as d . 1 eter, <primitivel ref>, is

required s e, as defined in the PRIMITIVES
section pf the GenCAM file. The fourt ! ¥§ required and shall reference a
barrel description as defined in the PRI eNnCAM file. The fifth parameter,
<profilefesc_ref>, is optional. : inet ces on the hole size and plating. Tlhe sixth
parameter, <layer_ref>, is optlonal : 2single layer or alayer set through which

the holdis drilled, as defined S5 enCAM file. The <GenCAM_layer_type>
is usualy defined as CO NT. l parameter is not included then all 1gyers are
assumed. The last parame ~ ine ocation of the hole. The x-y transform isjrequired
and shalll define the rel ativepasiti int of origin of the hole primitive with respegt to the
ARTW( [ ) ' ey iSoptional, and can define the angle between the pasition of
the primiti j ang i i i the part, measured counterclockwise. Any mirroring shall

be done| that the

shapeig

4.8.11.7

The AL . It isused to establish an aternate to the original PART degcription.
The firg Part_id> is required. It is the alternate manufacturer's part identification
number. parameter, <part_revison>, is optional and defines a revision level of the

manufagturer'spart, iiappropriate.

A MECHANICALS Section Example

$MECHANI CAL
USEDI N " 34435";
MECHANI CAL: " Abracket", "B47-34";
STANDOFF: 0. 25;
HEl GHT: 0. 60;
HOLE: "Mol el", MECHANI CAL, "Circlel2", "Barrel Hol | ow', |,
"All", (1000, 1000);
HOLE: "Mhol e2", MECHANI CAL, "Circlel2", "Barrel Hol | ow', |,
"All", (1000, 3125);
ARTWORK: "Bracket2", "Top", , (0, 0);
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MECHANI CAL: "Term nal 3", "T7.635","U23";
ARTWORK: "TernB8", "Top", ,(0, 0);
ALI AS: "T14. 635", "RevB",
$ENDMVECHANI CALS

48.12 LAYERS

The LAY ERS section of the GenCAM file is used to describe the CAD layers that make up the printed circuit board
and to group the CAD layersinto named layer sets. The LAY ERS section has the following form.

LAYERS = $LAYERS
> Y
USEDIN:<usedin_refr> Of ,<usedin_rer>}n;
> Y
terial>,
<
>],
>
<
<
<usedin| ref> 5(S), panel(s), board(s) or assembly(igs)

<Iayer_m_ame> i
<GenCAM_layer_type>::

IELPREG

|ELADHV
SOLDERBUMP
| PASTEMASK

| HOLEFILL

| PIN

| COMPONENT

I DEQIOTIN
| REOTOTTVE

| CAPACITIVE
| PROBE

| REWORK

| FIXTURE
11

<material>
<thickness>
<profiledesc_ref>
<layerset_name>
<material_code>

string

p_number

string - for LMC and MMC
string

string - per IPC- 4101 designation
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<layersingle ref> = string
<impedance> = p_number - Units shall be expressed in chms.

The $LAYERS and $ENDLAY ERS section keywords mark the LAY ERS section of the GenCAM file.

4.8.12.1 USEDIN

The USEDIN statement associates the statements that follow with the <usedin_name> of a board(s),
panel(s), assembly(ies) or fixture(s) as defined in the HEADER section of the GenCAM file.

4.8.12.2 LAYERSINGLE

The LAVERSING Starement 1S modat, having two USes withitr the LAY ERS Section. FTst| prior to
any LAYERSET statement, it is used to define a layer's physical characteristi \lo assogiate the
' is dso used

within @ LAYERSET grouping to reference CAD layers that are defined \as Y€, en [defining
layers, the order of the layer references is significant, and must sequentia fles \ Ck, from
the primary (top) component side of the board, inward. The first pagame 3 isrequired
and is g freeform string that identifies the layer. This is typicall S [ by within
the CAD system. Each layer shall have a unique name. The sesond Ete I_type>,
is requifed and shall be one of the GenCAM layer-type-reserved key rameter,
<materigl>, is required and is a freeform string used to/descri i layer is
construgted. The fourth parameter, <thickness>, is an gptional p kness of

the mat¢rial using the nominal dimension iR accorgar S R of the
iledesC_ref>( i cify the
acceptalle tolerance (<finished_LMC> anc ness. If

no thicknessis provided then this paramete

48.12.3 LAYERSET
The LAY ERSET statement i i : ers, which can then be referenced for sggquential

laminatipn, cutouts, padsta ) ERSET statement, the LAY ER statement is used
to reference CAD ke € set, whitch are defined elsewhere. In this context, theLAYER
statemeit can b Or can be a reference to a LAYERSINGLE pr other
LAYERSET identified ile’The order of the layer references is significant, gnd must

sequenti the primary component side of the board, inward. The first
paramet ired’and is a freeform string that identifies the layer set. Thé second
paramet ional and is used to describe a layer in accordance with the |PC layer
specificiti ). designation. The third parameter, <thickness>, is an optional parametef used to
define t gterial using the nominal dimension in accordance with the UNITS ghown in
the HEA file. The fourth parameter, <profiledesc ref>, is an optiona p@rameter

used to |specify. gptable tolerance (<finished_LMC> and <finished MMC>) associated with the
material|thickness. IT\10 thickness is provided then this parameter shall be omitted. The fifth pgrameter,
<impedance>, is optional, and can be used to provide a measurable impedance for the layer set.

A LAYERS Section Example

$LAYERS
USEDI N: " BD4566- 25", "PNL4566-29";

LAYERSI NGLE: "Si | kscreenTop", LEGEND, "epoxy ink";
LAYERSI NGLE: " MaskTop", SOLDERVASK, "LPI", 1, "SMOBCL";
LAYERSI NGLE: " Coat 1", COATI NGCOND, "Tin Lead", 0.3, "SOLD1";
LAYERSI NGLE: "L1", CONDUCTOR, "copper", 0.7, "CUl";
LAYERS|I NGLE: "Dielectricl", D ELCORE, "FR4", 6.2, "D el 6";
LAYERSI NGLE: "L2", CONDUCTOR, "copper", 1.4, "CU2";
LAYERSI NGLE: "Dielectric2", D ELCORE, "FR4", 6.2, "D el 7";
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LAYERSI NGLE: "L3", CONDUCTOR, "copper", 1.4, "CU2";
LAYERSI NGLE: "Di el ectric3", D ELCORE, "FR4", 6.2, "D el 6";
LAYERSI NGLE: "L4", CONDUCTOR, "copper", 0.7, "CUL";
LAYERSI NGLE: " MaskBottont, SOLDERVASK, "LPI", 1, "SMOBCl";
LAYERSET: "ls1","L21 1500 Cl1l/Cl1 Al1A', 9.0, "Corel2", 50;
LAYER "L2";
LAYER: "Di el ectric2";
LAYER "L3";
USEDI N: " FX4566- 20" ;
LAYERSI NGLE: "Stencil", FIXTURE, "Stainless Steel", 8,
" STNL";
FENBEAYERS
4.8.13 | PADSTACKS
The PADSTACKS section is used to describe how a group of pads are ITACKS
section (s required even if it contains only a single pad definition. has the
following form.
PADSTACKS = $PADSTACKS
> Y
USEDIN: <usedin_ref> 0{
>
>
form>;
Jelehame>, <hole_type>, <primitive_ref>,
parreldesc_ref>, [<profiledesc_ref>], [<layer_ref>],
xform>;
<usedin| | string - a$HEADER fixture(s), panel(s), board(s) or assembly(igs)
<padsta:l:k_nam = string
<layer_1ef = {<layersingle_ref> | <layerset_ref>}1
<layersipgle/ref> = string
<layerset_rer> = Sirng
<linedesc_ref> = string
<paintdesc_ref> = string
<profiledesc_ref> = string
<color_ref> = string - <color_name> identified in $SHEADER; the default is "black".
<hole_name> = string
<hole_type> = {MECHANICAL | ELECTRICAL | TOOLING}1
<barreldesc_ref> = string

<primitive_ref>

{<circle_ref> | <rectctr_ref> | <rectcnr_ref> |
<rectcham_ref> | <rectround_ref> |<oval_ref> | <dshape ref> |
<diamond_ref> | <hexagon_ref> | <octagon_ref>}1
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<xform>
<pad_pifimitive_ref>

<xy_ref>, [<rotation>],[<mirror>],[<scale_factor>]

{<CiTCle_Tef>T<recictr_rei> | <rectcim_rei> |
<rectcham_ref> | <rectround_ref> |<oval_ref>
<diamond_ref> | <hexagon_ref> | <octagol ‘
<thermal_ref> | <polygon ref>}1

IPC-2511 GenCAM November 1998
<circle_ref> = string
<rectctr_ref> = string
<rectcnr_ref> = string
<rectcham_ref> = string
<rectround_ref> = string
<oval_ref> = string
<dshape_ref> = string
<diamond_ref> = string
<hexagon_ref> = string
<octagon_ref> = string

<thermg_ref> = string

<polygdn_ref> = string

The $PADSTACKS and $ENDPADSTACKS section keyword n of the
GenCA system
only d d layers
has to b all start
with thgHOLE keyword.

4.8.13.1 USEDIN

The US
panel(s)

board(s),

4.8.13.2f PADSTACK

The PADSTACK state | name>,
isrequined. Itis &t Sh shall be
used thrpughout th ' exences to this pad stack. If the CAD system does ngt define
pad stag j s shall be
used ing

4.8.13.3
The PA not only
conduct y be the

same s \ KS that
require ings shall be included. The first parameter, <layer_ref>, is required gnd shall
reference'the layer on which the pad is placed, as defined in the LAY ERS section of the GenCAM file.
The second parameter, <pad_primitive_ref>, is required and shall reference a primitive shape as defined
in the PRIMITIVES section of the GenCAM file. The third parameter, <linedesc_ref>, is optional and
defines the outline of the pad through a LINEDESC reference if an outline of the pad is required. The
fourth parameter, <paintdesc_ref>, is optional and defines the texture of the pad through a PAINTDESC
reference. Some pads require both LINEDESC and PAINTDESC; others require only one for the texture
descriptions. The fifth parameter, <profiledesc_ref>, is optional and provides the LMC and MMC of the
finished pad. The sixth parameter, <color_ref>, is optional and defines the color of the pad as referenced
in the HEADER of the GenCAM file.

The remaining parameters define the <xform> of the pad. The <xform> is composed of an <xy_ref>
parameter that is required and shall define the relative position of the point of origin of the pad with
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respect to the panel, board, assembly, or fixture origin. A <rotation> parameter is optional, and can
define the angle between the position of the pad as defined, and its orientation, measured
counterclockwise. Any mirroring shall be done before the pad is rotated. The <mirror> parameter is
optional, and can be used to indicate that the pad is mirrored. The pad can be placed normally or can be
mirrored before becoming part of the product. The last parameter is an optional <scale factor> multiplier
that is applied to al dimensions of the pad.

48.134 HOLE

The HOLE statement is optional, and can be used to name and define a drilled or punched feature of the
padstack. The relationship of the HOLE to the PAD is established under the <padstack_name>. The
first parameter, <hole name>, is required. 1t is a freeform string that serves to unlauelv name the hole
instancg Each hole within a single padstack shall have a unique name which NS the holednstance to

different layers, if appropriate. The second parameter, <hole type>, is require ntify the
hole usqg as one of ELECTRICAL, MECHANICAL or TOOLING. The thirdfaraméete Fmitive ref>,
is requined and shall reference a closed, standard or user defined shape, &s ds : ITIVES
section pf the GenCAM file. The fourth parameter, <barreldesc_ref>/is re S brence a
barrel description as defined in the PRIMITIVES section of the Ge i rameter,
<profileflesc_ref>, is optional. It can serve to define tolerances,d ] ing. The sixth

parameter, <layer_ref>, is optional. It can define the individua ~ g f layers,
<layersat>, through which the holeis drilled, as defined in eLA S ion ile. If a
<layer_nef> parameter is not included then all layers are :

The r ini
definee‘t-i
The rotati

defined,
the shay]
mirroreq

nd shall
K origin.
imitive as
e before

hole is
.

A PAD$

"Solidl",

"Tol 2", , (0, 0),

, "Solidl", "Tol2", ,(0, 0);

p_stac k2" X

, "L1_Solid", , "r_r3FILL", , (O, O), 180.0,

"L1_Solid", , "r_rovapb', , (0, 0), 180.0,
M RROR;

—  PAD— ATt —Sottd* T OFttE S 0,—0)—186-0;
M RROR;

HOLE: "PSH75", ELECTRI CAL, "Roundl10", "CuPl ate", "PS3",
"L1ltoL3", (0, 0);
$ENDPADSTACKS

4.8.14 PACKAGES

The PACKAGES section to the GenCAM file is used to describe a library of component packages. The
true physical dimensions of the package are required. One package can be used for many components.
The PACKAGES section shall be included and have the following form.
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PACKAGES

$PACKAGES
4
USEDIN: <usedin_ref> 0{ ,<usedin_ref>} n;
4
PACKAGE: <package _name>, [<package_type>];

O{BODY:: <artwork_ref>;} 1
& O{HEIGHT: <dim_vaue>;} 1
& O{ STANDOFF: <dim_vaue>;} 1
& O{ TARGET: <target_ref>, [<layer_ref>], [<color_ref>],
<xform>;}1

<usedin| ref>
<package_name>
<package_type>

& {PINT<pin_physica_name>, <pin_ty <pin_exitt
[<pin_shadow>], <xform>;}n
}

In
In
$ENDPACKAGES

string - a$HEADER assembl

string

{ CHIP

| TANTALUM
| MELF

| EMBERDER
| SOT23

| SOT52

¢ FLATPACK
MIC_QUAD_FLATPACK

ASTIC_CHIP_CARRIER
LEADLESS CERAMIC_CHIP_CARRIER
| CERAMIC_DIP
| PLASTIC_DIP
| CERAMIC_SIP
| PLASTIC_SIP

LCOLIARE ALIAD L ATDA O

| SNYUYAINRL _YUADU_ TLATEATCIN

| RECTANGULAR_QUAD_FLATPACK
| SOJ

| PLASTIC_BGA

| CERAMIC_BGA

| MINI_BGA

| CHIP_SCALE

| BARE_DIE

| FLIPCHIP

| AXIAL_LEADED

| RADIAL_LEADED
| TO TYPE
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| MOLDED

| POWER_TRANSISTOR
| RELAY_SM

| RELAY_TH

| TRIMPOT_TH

| TRIMPOT_SM

| TRANSFORMER

| CONNECTOR_SM

| CONNECTOR_TH

| COIL

| CHOKE_SWITCH_SM

[SWITCH_TH

| HERMETIC_HYBRID

|MCM

| NETWORK

11

<artwork_ref> = string
<dim_vaue> = p_number
<target_[ref> = string
<layer_tef> = {<layersingle_ref> | <lay@rset ref>
<layersipgle ref> = string
<layersgt_ref> = string
<color_ref> = string - ack”
<xform3 = <xXy_ref>, [
<pin_physical_name> ::= string jection
<pin_type> =
<pin_exjt> = {EDGE | BOTTOM | TOP}1
<pin_shadow = artwork—ref

<artwork_ref> string

The $PACKAGES and $ENDPACKAGES section keywords mark the PACKAGES section of the
GenCAM file. Each package description shall start with the PACKAGE keyword.
48.14.1 USEDIN

The USEDIN statement associates the statements that follow with the <usedin_name> of an assembly(ies)
as defined in the HEADER section of the GenCAM file.
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4.8.142 PACKAGE

The PACKAGE statement is used to define the device packages as defined in the CAD file. The first
parameter, <package name>, is required. It is a freeform string and serves to uniquely identify the
package instance. The second parameter, <package type>, is optiona. It shall be a fixed field chosen
from one of the GenCAM package type names. It is areference to the package’s BODY shape as defined
in the ARTWORKS section of the GenCAM file.

48.143 BODY

The optional BODY statement is used to identify a reference to a PACKAGE artwork as defined in the
ARTWORKS section of the GenCAM file. The first parameter, <artwork_ref>, is required and is a
freefornfstring.—Note that the PACKAGE body defined here 15 associared With 3 finition
through{a COMPONENT instance definition. Since the package body is defj \thecPACKAGE
section, fit is coupled with the pad stack locations in a PATTERN and the <pig’ p S he point
of origin for these definitions shall coincide, and their pin identification sh

48.14.4 HEIGHT

The optlonal HEIGHT statement is used to identify the compong axi ' ‘ finished
surface.| The first parameter, <dim_value>, is required and is prowi as } hal units
identified in the HEADER of the GenCAM file.

4.8.14.59 STANDOFF

The optjonal STANDOFF statement is «
surface.| The first parameter, <dim_value>,
identified in the HEADER of the GenCAM fi

finished
hal units

4.8.14.60f TARGET

The TARGET statement _is Optiona f] B ameter |
<target_ref>, is required|ahd sha Q re section.

The secpnd parametsy, ckage as
defined | in the hall be
COMPONENT. The tHird tified in
the HEA

The renpaining ; efinethe placement of the target. The x-y transform is required and shall
define tl ' on\of the point of origin of the target artwork with respect to the package origin.
The rotg gtel is optiona, and can define the angle between the orientation of the farget as

defined, S
the targgt is rotated.
mirrored before becomi

He package, measured counterclockwise. Any mirroring shall be dorje before
e mirror parameter is optional, and can be used to indicate that the target is
g part of the package. The <scale factor> is optional and should be avoifled.

4.8.14.7 PIN

The PIN statement is required and defines the characteristics of each package lead. The first parameter,
<pin_physical_name>, is required. It is a freeform string and defines the physical pin identifier for the
package that correlates to the PINDESC statement in the DEVICES section. The second parameter,
<pin_type>, is required. It is a fixed field parameter describing the pin type as one of the GenCAM
standard package pin types identified in JEDEC-1(IEC-30). The third parameter, <pin_exit>, is required.
It isafixed field identified as either EDGE, BOTTOM, or TOP. The fourth parameter, <pin_shadow>, is
optional. It is areference to an artwork that defines the two dimensional shape of the portion of the lead
that extends beyond the package edge, looking down from the top of the package. The remaining
parameters are required through the <xform> description. These define the position of the
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<pin_shadow>, or the position of the lead (if no portion of the pin extends beyond the body of the
package) with respect to the origin of the package.

The x-y transform is required and shall define the relative position of the point of origin of the
<pin_shadow> with respect to the package origin. The rotation parameter is optional, and can define the
angle between the orientation of the pin as defined, and its position on the package, measured
counterclockwise. Any mirroring shall be done before the pin is rotated. The mirror parameter is
optional, and can be used to indicate that the pin is mirrored before becoming part of the package. The
<scale_factor> is optional and should be avoided.

A PACKAGES Section Example

BPACKAGES
USEDI N " ASSY11357-66540", *“11356-33540";
PACKAGE: " CAP_SUPPRESS TYPE_24", " CERAM C/BNP
BCDY: " CAP3";
HEl GHT: 1. 3;
STANDCFF: 0. 05;
PINS: 16, "TH_RI BBON'

EDGE, "10

PINS: 14, "TH RI BBON', EDGE, 8
PINS: 12, "TH RI BBON', EDGE, Q
PINS: 10, "TH_RI BBON', 0.% .
PINS: 08, "TH_RI BBON', 0.5 . 5);
PINS: 06, : 075 .0);
PINS: 04, , 0.5 . 5);
PINS: 02, , (0.5, 1.0);
PINS: 15, (8.0, 18.5);
Pl NS: (8.0, 16.0);
Pl NS: , (8.0, 13.5);
Pl NS: *100", (8.0, 11.0);
"100", (8.0, 8.5);
"100", (8.0, 6.0);
"100", (8.0, 3.5);
"100", (8.0, 1.0);
"White", (1.0, 2.0);
4.8.15
The FAMH. ptional and is used to describe the logic families of the components jattached
to the bgard. section has the following form.
FAMIL|IES =  $FAMILIES
- 1L
-l
USEDIN: <usedin_ref> 0O, <usedin_ref>}n;
> Y
FAMILY: <family_name>;
> {
LOGIC: <drive_high>, <drive_low>, <receive_high>,
<receive_|ow>, <open_input_logic>;
& RISETIME: <edge speed>;
& LOAD: <load>;
< }

98


https://iecnorm.com/api/?name=e5c172747dadefadd1442b984988e807

Copyright © 1998, IPC; 1999, IEC

IPC-2511 GenCAM November 1998
< In
< In
$ENDFAMILIES
<usedin_ref> = string - a$HEADER assembly(ies)
<family_name> = string
<drive_high> = number
<drive_low> = number
<receive_high> = number
<receive_low> = number
<open_input_logic> = {ONE | ZERO | X} 1
<edge_dgpeed> = p_number
<load> = {UP| DOWN | NONE}

The $FAMILIES and $ENDFAMILIES section keywords mark the FAMI
file. Eagh family description shall start with the FAMILY keyword.

4.8.15.1

The USEDIN statement associates the statements that follow

as defin

4.8.15.2

The FA
in the F/

4.8.15.3

The LO
first par
family

<drive |
from an
and defi
recogniz
voltage
paramet

(floating) i

4.8.15.4
The RIS

USEDIN

in the HEADER section of the GenCAM file.

FAMILY
MILY statement defines a name f
AMILIES section shall be unique.

LOGIC

meter, <receive low>, is required and defines the
family can be expected to recognize a logical 0. 1
required and is the default logic-state exhibited by uncq

hbly(ies)

defined

ly. The
e of the
rameter,
| source
required
ected to
aximum
'he fifth
bnnected

rameter,

<edge s

peed>; is required and is expressed in volts per nanosecond.

4.8.155

LOAD

The LOAD statement expresses whether a device or pin of afamily expects to have its output pins pulled
up, pulled down, or left floating by the surrounding circuitry. The only parameter, <load>, is required

andisa

A FAMI

fixed field parameter of either UP, DOWN, or NONE.

LIES Section Example

$FAM LI ES

USEDI N: "11357-66540";
FAM LY: "CMOS',
LOG C 4.0, 0.8, 3.6, 1.3, X
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4.8.16

RI SETI ME: 50;
LGAD: NONE;
FAM LY: "TTL";
LG C 3.5, 0.2, 2.0, 0.8, 1,
RI SETI ME: 100;
LOAD: UP,

$ENDFAM LI ES

DEVICES

The DEVICES section holds the device descriptions for al the components used on the board. These

statements apply to the device itself and do not depend upon any characteristic of the printed circl

Jit board

or al of

(i.e. arelindependent of PACKAGE). The DEVICES section shall be included an use some
the statgments described below, in any sequence.
DEVICES = $DEVICES
> Y
USEDIN: <usedin_ref> 0{, <usedin_re
> Y
DEVICE: <part_name>;
> {
PACKAGE <packe re
>
Q 1 <p_dim_vaue>;
NTOL: <p_dim_vaue>; & PTOL: <p_dim_vaue>
O{ DESC: <description>;} 1
}
in
}
in
In
$ENDDEVICES
<usedin_ref> = string - a$HEADER assembly(ies)
<part_name> = string
<package ref> = string
<mfg_part_id> = string
<part_revision> = string
<type desc> = {RES - Used for two terminal resistors
| VRES - Used for variable resistors
| FABRES - Used for embedded resistors
| RPCK - Used for resistor pack
| DPCK - Used for diode pack
| LEDPCK - Used for LED pack
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| HYBRID - Used for AtoD, DtoA

| CAP - Used for two terminal non-polarized capacitors
| VCAP - Used for variable capacitors

| PCAP - Used for two terminal polarized capacitors
| TCAP - Used for tantalum capacitors

| FABCAP - Used for embedded capacitors

| CPCK - Used for capacitor packs

| IND - Used for inductors

| VIND - Used for variable inductor

| XFMR - Used for transformer

| DIODE - Used for diodes, including Schottkey
[DIAT —Used for diacs

| ZENER - Used for zener diodes

| BRIDGE - Used for silicone bridge recti

| PNP

| NPN

| NFET

| PFET

| NJFET
| PIFET
| TRIAC
| SCR

| VR

| OPTO
| LED

| OPAMP

sed for connectors
- Used for sockets

- Used for al logic devices
- Used for analog ICs

- Used when none of the standard types are suffi¢ient
<family]| ring
<pin_ph 5 string - Establishes the pin identifier for the device
<pin_fu {DRIVER - Used for outputs which drive a net.
RECEIVER - Used for inputs

| BIDIRECTIONAL - Used for bi-directional logic

| MAATNNALUUJININ

| ANALOGOUT - Used for analog ICs

| NCLOSED

| NOPEN - Used for relays and switches

| POWER - Used for power supply pins

| GROUND - Used for ground pins

| ANALOG - Used for analog pins

| DIGITAL - Used for any family of logic pins

| INACTIVE - Used for resistors, capacitors, etc. pins

| ANODE - Used for diodes, zeners, unijunctions, thyristors etc.

| CATHODE - Used for diodes, zeners, unijunctions, thyristors etc.

| BASE - Used for transistors
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| COLLECTOR - Used for transistors (including IGBTS)
| EMITTER - Used for transistors (including IGBTS)
| SOURCE - Used for FETs
| DRAIN | GATE - Used for FETs
| WIPER - Used for variable components
| CASE - Used for connection to device screen or can
| CLOCK - Used for clock

| ENABLE | DISABLE - Used for device enable/disable
| TDI | TDO | TMS| TCK | TRST — Used for Boundary Scan

[ INTNC - Used for pinsthat are internally disconnected
11
<circuit]| number> = string
<sympim_ref> = string
<symbo|_ref> = string
<measured value> = number
<vaue_ype> = {OHM | FARAD | HENRY | VOLT |A | JIOULE |
LUMEN}1
<p_dim| value> = p_number
<descrigtion> = string

The $DEVICES and $ENDDEV I CES section keywor
Each deyice description shall start with the REVIC

tion of the GenC,

4.8.16.1 USEDIN

AM file.

The USEDIN statement associates the statéments that\fo ith the <usedin_name> of an assembly(ies)
as defingd in the HEADER secti

4.8.16.2 DEVICE

The DHVICE statement| defiries “a Qr each device type. The first parameter, <part_name>, is

required. Itisafr

4.8.16.3

‘ ycorrelate the device to a package type. Exactly one PA
statement sh ;) st reference a package as defined in the PACKAGES sectid

' . weter, <package ref>, is required. It is a freeform string that s
ition by name.

4.8.16.4

The PART_ statement is an optional free field for the user to define a manufacturer's part numbey.

CKAGE
n of the
erves to

It has

no cross—reference-to-any-other GenCAM-section—This PART name-does-not-have to-be-unigl

to any

one part. The first parameter, <mfg_part_id> is required. It is the manufacturer's part identification

number. The second parameter, <part_revision>, is optional and defines a revision level
manufacturer's part, if appropriate.

4.8.16.5 ALIAS

of the

The ALIAS statement is optional. It is used to establish an alternate to the original PART description.

The first parameter, <mfg_part_id> is required. It is the alternate manufacturer's part ident
number. The second parameter, <part_revision>, is optional and defines a revision level
manufacturer's part, if appropriate.

ification
of the
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48.16.6 TYPE

The TYPE statement is required and is a fixed field. The only parameter, <type desc>, identifies the
fixed field for the user to define one of the GenCAM device types.

4.8.16.7 FAMILY

The FAMILY statement is optional and can be used to associate the device with alogic family as defined
in the FAMILIES section of the GenCAM file. If the device pins exhibit multiple logic family
characterigtics, then the FAMILY statement should be omitted, and the logic family association should be
added to each PINDESC statement. The only parameter, <family_ref>, is required and is a freeform
string.

4.8.16.80f PINDESC

The PINDESC statement is optional, and can be used to describe the fu in of the
device. | This statement should be used to provide CAD data that is requif fa. Any
CAD data that might be relevant to tester input should be held in the . ent.\Particularly
useful is the naming of the anode and cathode on diodes and zen& tters on
transistgrs; and gate, source, and drain on fets. The first paramg ' ired and

shall cofrelate to the pin physical name assigned in the PACKA . Every
component and pattern defined in the COMPONENTS seetion \ ' i . Only one
PINDESC statement is allowed for each pin for any one(devjce c snd p in_funct>, is
one of the fixed fields identified as GenCAM pin fu : Rird p er>, isa
freeform string and is an optiona referencétq the Ci seq to’descri be the circuit nymber in
the IC gdackage. The fourth parameter, <Sympin, re I j bl pinin

the logi¢ symbol and is a freeform string.
the symbpol that uses that physical pin. Th
logic FAMILY.

to defing each pin's FAMI
be neces ifi

yAbol_ref>, is an optional ref@rence to
amily_ref>, is an optiona referenge to the
cross al signal pins, then it is not necessary
ice has multiple family characterigti¢s, it can
ch input and output.

4.8.16.9

The VA IS O akandprovides the user an opportunity to give the device a valpe. The
type of alway g sanie for all the same type of devices. For example, if the value
used for|resi igresiste eg stors shall have values that are resistance. The first pgrameter,
<measured_value ' and iS a number that expresses the value. The second parameter,
<value i ( meter and is either OHM, FARAD, HENRY, VOLT, AMP,(WATT,
HERTZ

The TOL statement iswgptional and allows the user to specify a + tolerance for the device. If thejpositive
and neggative'tol erance values are different, then the statements NTOL and PTOL shall be used inpstead of
TOL. The first parameter, <p_dim_value>, is required and IS a positive humber that describes the
permitted variation from the value. Any string can be entered as a positive floating point percentage
value.

4.8.16.11 NTOL

The NTOL statement is optional and alows the user to specify a negative (minimum) tolerance for the
device. Any string can be entered as a positive floating point percentage value. A negative sign is
implicit in the definition of NTOL and is ignored on reading the file and is never inserted on writing a
GenCAM file.
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4.8.16.12 PTOL

The PTOL statement is optional allows the user to specify a positive (maximum) tolerance for the device.
Any string can be entered as a positive, floating-point percentage value.

4.8.16.13 DESC
The DESC statement is optional and the <description> parameter can be used to describe the device.

A DEVICES Section Example

$DEVI CES
USEBDHN—-ASSYHI 35+ —ASSY665
DEVI CE: "89-1N4148";

PART: "1N4148";

TYPE: DI ODE;

PACKAGE: " AXI AL2";

PI NDESC: "PI N1", ANCDE;

PI NDESC. "PI N2", CATHCDE;

VALUE: 0. 6;

TOL: 33.0;

DESC. "Di ode 1N4148 bandol eer
BSENDDEVI CES

4.8.17 [ COMPONENTS

The COMPONENTS section holds al the 1 ' ach component on the boaid. This
information includes component positions wdand aveference to the device description|for both
electricgl and mechanical devices. The COM ~ ) shall be included and have the following
form.

COMP

ef> 0f, <usedin_ref>}n;

Z

T: <ref_desig>, [<layer_ref>], [<location>];

{DEVICE: <part_ref>, [<xform>];

| MECHANICAL: <part_ref>, [<xform>];} 1

& O{ PATTERN: <pattern_ref>, [<xform>];} 1

& O{ARTWORK: <artwork_ref>, <layer_ref>, [<color_ref3
[<xform>];}n

& O{ PROGRAM: <program_name>, <program_rev>,
[<program_date>];} 1

& O PREPARATION <comp prepmame>;, <comp_prep_type>;

> {

< }
& O{ PRESENTATION: <delivery_system>, [<configuration>],
[<other>];}1

—

<shape_builder>

In
& 0f
KEEPOUT: <keepout_name>, <keepout_type>,
[<layer_ref>];
> it}

<polygon_builder>
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< In
in
& O{SHEET: <sheet_ref>;}1
& O{ONFAIL: <text>;}1

< }

< In

< In

$ENDCOMPONENTS

<usedin_ref> = string - a$HEADER assembly(ies)
<ref_desig> = string
<layer_| =
<layersipgle ref> = string
<layersat_ref> = string
<location> = <xy_ref>, [<rotation>], [<mirror>]
<part_ref> = string
<xform = <xy_ref>, [<rotation>], [<mirror>], [£S
<pattern_ref> = string
<artwork_ref> = string
<color_ref> = string - <color_name> ideptified imM$HEADER; the default is BLACK
<program_name> = string
<program_rev> = string
<program_date> = date forma
<comp_prep_name> = string
<comp_prep_type> = {LEADLENGTF |
<delivery_system> = {REEL
<configyration> = i
<other> =
<keepoyt_1
<keepout_
<sheet_|
<text>
The $C b section
of the G ollowed
by the o
4.8.17.1

The USEDIN_statement’ associates the statements that follow with the <usedin_name> of an assembly(ies)
as defingdhin'the HEADER section of the GenCAM file.

4.8.17.2 COMPONENT

The COMPONENT statement defines one component instance. The first parameter, <ref_desig>, is a
freeform string for the user to define a unique name for either the electrical component (DEVICE) or the
mechanical component (MECHANICAL), typically the CAD component reference designator. If the
CAD system does not define component names, or just uses a sequenced order, then names such as ul,
u2, u3, etc. must be used instead. Examples of component name are U32, C202, R51 or PLA132. The
second parameter, <layer_ref>, isoptional and shall indicate on which side of the board the component is
mounted, or which layer of the board the part is embedded. The surface parameter TOP, EDGE or
BOTTOM, or areference to alayer as defined in the LAY ERS section, shall be used. Specifying that the
surface is BOTTOM does not imply that the package is mirrored, nor does it imply that pads that were on
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the TOP are now on BOTTOM. The third parameter, <location>, is optional and is to be included to give
the absolute x and y coordinates of the origin of the component in relation to the board or pandl origin, as
well as rotation and mirroring.

The origin of the component is defined by its PACKAGE, PATTERN, or MECHANICAL references,
which describe the package/mechanical body shape and pin locations. The fourth parameter, <xy_ref> is
required and establishes the relation of the component to the board or panel to which the component is
being mounted. The fifth parameter, <rotation> is optiona and can be included to give the rotation of the
component on the board relative to that defined by its PACKAGE or MECHANICAL reference. The
angle is measured counterclockwise from the defined position in the PACKAGE or MECHANICAL
section to the position on the board when viewed looking down onto the top of the board. Mirroring takes
affect before the component is rotaied.  Any pins defined with the package will_pe rotaied with the

package

48.17.3] DEVICE

Exactly The first
parameter, <part_ref>, is required. ( mponent
designatior name to a device description in the DEVICES sectitonon\the Gef . p second
parameter, [ [ , [ S e package grigin on

the board, when it is different than that of the component plé

4.8.17.4 MECHANICAL

The MECHANICAL statement is requi present. The first pgrameter,
<mechahical_ref>, is required and is a\freeforn i references a <part_name>| in the
MECHANICALS section. The second parame X is optional, and can be used to desgribe the
location| of the mechanical part origin o ' b is different than that of the component
placement.

4.8.17.5 PATTERN

Exactly jone PATTERN ¢
statement for a '
freefornp string for theuse

the PAT
used to
the com

d for each device listed as a component; a PATTERN
. Mhe first parameter, <pattern_ref>, is required.| It is a

component designator to a pattern description as defined in
ile. The second parameter, <xform>, is optional angl can be
ern origin on the board or panel, when it is different thap that of

4.8.17.6

The AR 3 ent’is optional and is used to give the component any artwork feature(that has
been detined-in.thesARYWORKS section of the GenCAM file. Components may use different grtworks
a diffeqent Iocatlons on the board. The first parameter, <artwork ref>, |s required and shall be the

<layer_ref>, is reqU| red and shall be a reference toa Iayer or Iayer Set as deflned in the LAYERS section
of the GenCAM file. The third parameter, <color_ref>, is optional and defines the color referenced in the
HEADER of the GenCAM file.

The remaining parameters are defined by the <xform> and are optiona if the artwork differs from the
component location. The fourth parameter, <xy_ref>, is required and establishes the relative position of
the artwork item origin with respect to the origin of the component. The fifth parameter, <rotation>, is
optional and shall be the rotation of the artwork feature about the artwork origin. The rotation is the
angle between the artwork feature, as defined in the ARTWORKS section and its position on the board or
panel, measured counterclockwise. Any mirroring shall be done before the ARTWORK festure is
rotated. The sixth parameter, <mirror>, is optional and shall be the artwork feature mirror definition.
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The artwork feature can be placed normally or can be mirrored before becoming part of the component
definition. When an artwork feature is mirrored all the artwork feature's items are mirrored but stay on
the same layer(s). The last parameter is an optional scaling multiplier to apply to the artwork dimensions.

4.8.17.7 PROGRAM

The PROGRAM statement is optional and can be used to define the software download of the component.
The first parameter, <program_name>, is required. It is a freeform string that names the program. The
second parameter, <program_ref>, is required and defines the program revision as a freeform string. The
third parameter, <program_date>, is optional and shall provide the program date code in the GenCAM
date code format.

4.8.17.8f PREPARATION

The PREEPARATION statement is optional and provides information on compene! d conditigns, both
before gnd after insertion. The first parameter, <comp_prep_name>, is regui IS8 string to
identify the lead preparation. The second parameter, <comp_prep _| type> A wses ome of the
reserved fixed parameters: LEADLENGTH, LEADBEND, CLINC PCODE,
or OTHER. The <comp_prep_type> parameter will be immediately 1Q ‘ shape_bujlder> to

describg the physical lead bend requirements.

4.8.17.9 PRESENTATION

The PRESENTATION statement is optional and pro ides info nen the"delivery system packaging
media fpr the component. The first paranie S prameter
specifyipg the part delivery presentatiornas bel UBE, or
CARTRIDGE. The second parameter, <confi S It is a string used tp define
characteristics of the media used. The other>, is optional and provides agiditional
information regarding presentation.

48.17.10 KEEPOUT
The KEEPOUT stateme
areas thit are not ib
name f each keng s
etc. Th
keepout

mponent
B unique
eepout2
ne to the
S a pf either
COMP(Q PIN, TESTPROBE, or BOARD. The third parameter, <layer_ref>,
is optior : s ace or layer set to which the keepout region is applied. When [omitted,
all layers are as : 8 thirth’parameter is followed immediately by one or more <polygon_Juilder>
that defi

4.8.17.1

zone or
IS required

and is atext free string referenC| ng asheet in the DRAWI NGS sectlon of the GenCAM f|Ie

4.8.17.12 ONFAIL

The ONFAIL statement is optional. The first parameter, <text>, is required and is a freeform string that
can be used to send the failure reporting device/file when an in-circuit test for the component fails.

A COMPONENTS Section Example

$COVPONENTS
USEDI N " ASSY11357", " ASSY66540";
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COVPONENT: "D102", TOP, (1200, 1800), 90.0;
DEVI CE: "1N4148";
PATTERN: " 2-400";
ARTWORK: "ORI G N_MARKER18", "Sil kscreenTop", "Yellow',
(0,0), 0.0, MRROR
ONFAI L: "Check output enable fromU5 pin 4";
SHEET: "12_B3";
MECHANI CAL: " Heat si nk2";
$ENDCOVPONENTS
48.18 POWER
The POWER section is optional and can be used to describe power injection to ard. The, POWER

section Ipas the following form.

POWER = $POWER
> Y
USEDIN: <usedin_ref> 0{, <usedin_re
> it}

< In
< }In
$ENDPOWER

<usedin| ref> = string - a$M nel (s), board(s) or assembly(i
<vo|tagT> = i
<current_limit> =
<net_rel> =
<refnet Jref> =

<supply| name>

The $POWER
Each power injectio desty

4.8.18.1
The USEDI & es the statements that follow with the <usedin_name> of a |
panel(s)| asse ) as defined in the HEADER section of the GenCAM file.

4.8.18.2

The SU

parameterswith two board signal names. The first parameter, <voltage>, is required and isanu

SUPPLY : <voltage>, <current
[<supply_name>];

stéments mark the POWER section of the GenC.
th the keyword SUPPLY .

PPLY statement is required and defines test system power supply parameters, and assoc

£s)

AM file.

board(s),

ates the

mber (in

volts) defining the voltage Tevel 10 be aitained. The second parameter, <current_limit>, 1S required and is
anumber (in amps) defining the maximum current limit. The third parameter, <net_ref>, is required, and
is a freeform string referencing an electrical network (power injection net) as named in the ROUTES
section of the GenCAM file. The fourth parameter, <refnet_ref>, is required and is a freeform string
referencing an electrical network (typically board ground) as named in the ROUTES section of the
M file. The last parameter, <supply_name>, is an optional freeform string that can be used to
identify the test system power supply.

GenCA
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A POWER Section Example

$POVNER
USEDI N " ASSY11357", " ASSY66540";
SUPPLY: 5.0, 2.0, "VCC', "GN\D',
SUPPLY: 3.3, 0.5, "LOWNV', "DCOM', "COML2",
$ENDPOVER

4.8.19 ROUTES

The ROUTES section is used to define the board signals and describe the track routing and all electrically
significant features of the board. The ROUTES section shall be included, and have the following form.

ROUTHES = $ROUTES
> Y
USEDIN: <usedin_ref> 0{ ,<usedin_ref>} n;
> it}
ROUTE:<net_name>, <net_class>, | ,
[<impedance_tol>], [<capac
> {
Ce>],
>
<
>
: <
xvia_name>, <padstack_ref>, [<testpoint_xy>],
[<access desc>], <xform>;}n
STPAD: <testpad_name>, <padstack_ref>, [<testpoint| xy>],
[<access desc>], <xform>;}n
0{ COMPPIN: <component_ref>, <pin_physical_ref>,
[<testpoint_xy>], [<access_desc>];}n
& Of CONPIN: <connector_ref>, <pin_physical_ref>,
[<testpoint_xy>], [<access_desc>];}n
& O{HIGHPOTTEST: <refnet_ref>, <bias_voltage>,
<leakage current>, <dwell_time>, [<rise_time>],
[<ralTmeST;f T
< }
< In
< n
$ENDROUTES
<usedin_ref> = string - a$HEADER panel(s), board(s) or assembly(ies)
<net_name> = string - User-defined string or GENCAMEXTNC for
unconnected features
<net_class> = {SIGNAL | CLK | FIXED} 1 - the default is SIGNAL
<refnet_ref> = string
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<impedance> = p_number - Units shall be expressed in ohms

<impedance_tol> = p_number - Units shall be expressed in percentage
<capacitance> = p_number - Units shall be expressed in farads

<inductance> = p_number - Units shall be expressed in Henrys

- Values associated with a PATH override those associated with a
ROUTE. ROUTE requirements should be left blank if individual
paths have properties.

<layer_ref> = {<layersingle_ref> | <layerset_ref>}1
<layersingle ref> = string

<layerset_ref> = string

<linedesc_ref> = string

<profi ITSCeﬁc_reD = SIring

<paintdgsc_ref> = string

<via_name> = string

<padstagk_ref> = string

<xform3 = <xy_ref>, [<rotation>],[<mirror>],[<scale {ac
<testpoipt_xy> = <xy_ref>

<access| desc> {NOACCESS | NOPROBE | CRI

<testpad_name>
<component_ref>

string
string

<pin_physical_ref> string GES

<connegtor_ref> >in
<bias vpltage>
<leakagg current>
<dwsell_fime>
<rise_time>
<fall_tin

The $R
Each ro

AM file.

4.8.19.1
The US » teS the statements that follow with the <usedin_name> of a board(s),
panel (s)|<a ixture(s) as defined in the HEADER section of the GenCAM file.

4.8.19.2
The ROUTE statement is required and identifies the signal (net) name. The first parameter, <nef_name>

Sr iMedtandta a froofarm ctrina tiend 0 connetfyvy the o netk nann - Thia enenind nAaroetk o nat r|a$> S
| G.']Uluw cHc oo CCror St g o octtoO—SpCoTy tric it Haric— 1 ic - SCCont—parar et —<ric—l , |

required and is used to specify nets that may require special consideration at in-circuit test, and uses the
reserved words of SIGNAL (default) for standard nets, CLK for fast edge-speed nets, and FIXED for non-
driven nets with either injected power, or fixed voltage levels which are derived from the circuit. The
third parameter, <refnet_ref>, is optional and is a freeform string to identify electrical networks that
should be referenced to the named net. The fourth and fifth parameters, <impedance> and
<impedance_tol>, are optional and can be used to specify the impedance and impedance tolerance limit of
the trace in ohms. The sixth and seventh parameters, <capacitance> and <inductance>, are used to
identify capacitance (in Farads) and inductance (in Henrys). GenCAM reserves the net name
GENCAMEXTNC as a null net name. All component pins and connector pins that are otherwise not
connected to any net, shall appear in a ROUTE with this reserved name. Note that this does not imply
that these pins are electrically connected together.
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4.8.19.3 PATH

The PATH statement is required and identifies the conductor (track) width, width tolerance limit and
layout description. The coordinates given for the trace path shall always be in the center of the trace.
The PATH keyword can appear at any time within a route description where a trace changes width. The
first parameter, <layer_ref>, is required and shall reference a layer that is defined in the LAY ERS section
of the GenCAM file. The <layer_ref> keyword can appear at any time within a net or route where the
route changes layers. The second parameter, <line_desc>, is required and describes the width of the
conductor (trace). The third parameter, <profiledesc_ref>, is optional and defines the tolerances on the
conductors. The fourth and fifth parameters, <|mpedance> and <|mpedance tol>, are optlonal and can be
used to )
parameters, <capaC|tance> and <|nductance> are used to identify capamtance (in/Farads) anddnguctance
(in Heniys).

4.8.19.4 PLANE

The PLANE statement is optional and is used to define an enclosegd & \ i 3enCAM
Standardl primitives, or a reference to a shape PRIMITIVE. A RQU ] before a
PLANE]statement to define a signal name. |f component pins ds @ ithi | defined

(on the same layer), then a PATH statement shall also appegr: Rare S clear of

the pins|by a non copper trace of graphic description LIND ' ~ ine | grameter.
Compor [ » cti [ mponent
pins as being on the same signal as the plape. ance i 5 are not
assumed. >/is required as is used fo assign
the plang a unique layer. names then names such as planel,

plane2, gtc. must be used for the ROUTE name. The second\parameter, <paintdesc_ref>, is required and

defines ; desCribed with x-y coordinates insidg another
plane on the same layer. The'RAIN » { iSi [ copper.

The third parameter, <impeda QA C [ [ [ number
in ohmgfor the plane. Tk i ds. The
fifth parpmeter, <inducta

4.8.19.5 VIA

The VIA
<via nd

, grameter,
nique name for the via. If the CAD system does not rjame the
vias they etc. must be used. The second parameter, <padstack ref>, isfrequired
and shd . . e as defined in the PADSTACKS section. The third pgrameter,
<testpoifs S O 'naI and shall be the absolute coordinates of the via PADSTACK. The fourth
paramet ! iS optional and is a fixed field parameter of NOACCESS, NOPROBE,
CRITICAL, or-A BLE; the default is NOACCESS. To be test-probe accessible the via myst be on
the top ¢r bottom surfaCes and should not be covered by the solder mask. The fifth parameter, gxform>,
is requifedvand is used to position the via with respect to the origin of the board or pan¢gl. The
transformation includes the <xy_ref>, <rotation>, <mirror>, and <scale factor>.

4.8.19.6 TESTPAD

The TESTPAD statement is optional and defines the location of a pad, its type and orientation. Such pads
are usualy for test. The first parameter, <testpad name>, is required and shall be a unique name for the
test pad. If the CAD system does not name the test pads then names such as tpl, tp2, etc. shall be used.
The second parameter, <padstack ref>, is required and shall be the pad stack name as defined in the
PADSTACKS section. The third parameter, <testpoint_xy>, is optional and can define the absolute
coordinates for probing the test pad if this location differs from the origin of the pad. The fourth
parameter, <access desc>, is optional and defines the access of the TESTPAD as a fixed field parameter
of NOACCESS, NOPROBE, CRITICAL, or AVAILABLE; the default is NOACCESS. To be test-probe
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accessible, the testpad must be be on the top or bottom surfaces and should not be covered by the solder
mask. The fifth parameter, <xform>, is required and is used to position the test pad with respect to the
origin of the board or panel. The transformation includes the <xy ref>, <rotation>, <mirror>, and
<scale factor>.

4.8.19.7 COMPPIN

The COMPPIN statement is optional and is used to identify a component pin on the net. One COMPPIN
statement shall be included for each component pin that is associated with the net. The first parameter,
<component_ref>, is required and identifies a unique name of the associated component. The second
parameter, <pin _physcal ref> |s requwed and establishes the unlque name of the associated pin as

identified in the PA fine the
absol ut ad stack.
The foufth parameter, <access desc>, is optional and can define a special test prQbe access type gs one of
the fixed field description of NOACCESS, NOPROBE, CRITICAL, or A% / efault is
NOACCESS
4.8.19.83 CONPIN
The CONPIN statement is required and is used to identify af ica ) in (e.g. board edge
connector p|n) on the net. One CONPIN statement shall be xd forReach Tal ctor pin
that is >, [ igue name
associate NENTS
section.| The second parameter <pin_phys d esfablishes a unique nanje of the
edge-bo . (& absol ute
coordingtes for probing the CONPIN. ThefQ define a
specia fest probe access type as one of DBE, or
CRITICAL.
4.8.19.9
The HIGHPOTTEST staten i ional indi ed using
high voltage and | DX nce capability. The first parameter, <refnet|ref>, is
required and isa 0 ing ines thehet to be tested. The second parameter, <bias \oltage>,
IS requi ' q ' 1\ voftage that shall be used for the highpot test. The third
paramet } and identifies the maximum current used in the highpot test.
The foJ | required and establishes the duration of the test. The fifth
paramet A al, and establishes the rise time for the voltage/current exposure. The
sixth pal NNER, 1septional and establishes the fall time conditions.
A ROU

USEDIN: "BD11357", "BD66540";

NOUUT . U FAO- 1o Uco_ o, reor,

PATH "C1", 20, 7;
LI NE: (1200, 1420), (1200, 1600);
LINE: (1200, 1600), (1320, 1600);
LINE: (1320, 1600), (1320, 1815);
LI NE: (1320, 1815), (1460, 1815);

VIA "Tvl", "CS1COVMON', , NOPROBE, (1460, 1815);
ROUTE: "C3", "HCLK", CLK, 750, 50;
PATH. 10, 3;

LI NE: 1300, 1400, 1200, 2200;
TESTPAD: "pl06_2", "PS14", 1200, 2200, 0, M RROR
ROUTE: GND;
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PATH. "G\D1", 20, 7;
PLANE: "shiel d_gnd";
PCLYGON: "bottom.irregul ar_pl ane";
COWPI N "ic2", "7", 9045, 1775;
$ENDROUTES

4.8.20 TESTCONNECTS

The TESTCONNECTS section is optional and can be used to define the tester resource connections
between the board, optional fixture-electronics, and the test system. The placement of the test probes can
be done manually or automatically, and can be on component pins, connector pins, test pads or vias. The
TESTCONNECTS section has the following form.

TESTCONNECTS :=
> Y

> Y

<usedin| |
<net_rel>
<group_[namie>
<group _|type>

$TESTCONNECTS

USEDIN: <usedin_ref> 0{ ,<usedin_ref>}n;

name>, <probe_type>, <probe_size>,
>, <layer_ref>, [<tip_type>],

string - a$HEADER fixture(s), panel(s), board(s), or assembly(|es)
string
string
{TWISTED | CABLED | BUSSED}1

<testpin_id>
<testconnect_id>
<xy_ref>
<fixelec_signa_name> ::
<testprobe_name>

<probe_type>
<probe_size>
<spring>

string -Tester assigned resource pin reference number.
string

<x_offset>, <y_offset>

string

{string | NOTASSIGNED} 1
- Tester assigned probe reference
- use NOTASSIGNED to indicate the test probe
reference is not assigned
{ICT | DUALSTAGE | TRANSFER} 1
p_number
string
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<recept_depth> = p_number

<layer_ref> = {<layersingle_ref> | <layerset_ref> | <surface>}1

<layersingle ref> = string

<layerset_ref> = string

<surface> = {TOP|BOTTOM | BOTH} 1

<tip_type> = {SPEAR | CHISEL | CROWN | TULIP4 | TULIP3 | CASTLE | RADIUS
| OTHER} 1

<probe_attach> = {CAPACITIVE | INDUCTIVE | MATING | OTHER} 1

<via ref> = string

<testpoint_xy> = <xy_ref>

<testpad_ref> = string

<compojent_ref> = SIring

<connegtor_ref> = string

The $TESTCONNECTS and $ENDTESTCONNECTS section keywofd G ark the

TESTCONNECTS section in the GenCAM file.

4.8.20.1f USEDIN

The USEDIN statement associates the statements that follow
panel (s)| assembly(ies) or fixture(s) as defined in the HEAD

poard(s),

4.8.20.2f TESTCONNECT

The TEFTCONNECT statement is required and i heCtion between a test prope and a
tester resource pin, or between either of the c icgsignal. Fixture-electronicg is used
here to glescribe any eectronic circuitry whjetti af the test system nor part of the bogrd under
test, but|which is connected to one or the -\ he $irst parameter, <net_ref>, is required and
shall reflerence a <net_name> i , , der test.

The secpnd parameter, <growp | nagye>, isa [ img and is used to name a connection grouping.
All TESTCONNECTS réferenti g thesame i ribed
by the grouping type. T| e i | S p_type>, is optional and fixed field names arg used to
define connect@o ) 8 STED, CABLED or BUSSED. A TWISTED type
grouping must be ' A 0 (%) TESTCONNECT statements, each referencing a gifferent
signal mame. R Dtype grouping must be referenced in at least fwo (2)

TESTCONNECT ¢

4.8.20.3
The TEE c to the
tester. 0j 2 i . The first

paramet
paramet
location

by, <testconneet_id>, is an optional parameter and is a string that establishes the identifi¢ation or
(absolute coordinates) of the tester interface.

4.8.204 LOCATION

The LOCATION statement is optional and immediately follows the TESTPIN statement. There shall be
a separate LOCATION statement for each layer of afixture starting with the layer closer to the tester and
ending with the layer closest to the board, panel, or assembly under test. The first parameter, <layer_ref>,
is required and is a layer of the fixture as identified in the LAY ERS section of the GenCAM file. The
second parameter, <xy_ref>, isoptional and is a reference to the exact location of the HOLE in the fixture
through which the testpin will pass.
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4.8.20.5 FIXELEC

The FIXELEC statement is optional and is used to define a fixture-electronics terminal. The first
parameter, <fixelec_signal_name>, is required and is used to define a unique fixture-electronics signa
name. The second parameter, <xy_ref>, is optional and is used to define the absolute coordinates of the
fixture electronics terminal in reference to the tooling origin of the fixture.

4.8.20.6 TESTPROBE

The TESTPROBE statement is optional and is used to establish the characteristics for the test probe. The
first parameter, <testprobe_name>, is required and shall be a unique name for the probe. The name can
be a string or the fixed field, NOTASSIGNED, to indicate the test probe reference is not assigned. The
second parameter, <probe_types, 1S requited and shali use a fixed fiefd starement rajdentify aither ICT,

DUALS all be a
number |i aximum
diametef. sblishes the
receptad | depth>,
IS requir le) to be
applied he sixth
parametgr, probe is
inserted ixed field
parametg ifiers are
SPEAR rameter,
<probe | probe is
CONNects ING, or
OTHER.

4.8.20.7]

The VIA ed to be
accesseq| : [ : ia |s requii ed and references aV|a name establlshed in the
ROUTH / absol ute
Xy coor(linates w

4.8.20.8

The TES gssembly
intendeg testpad
name es is used

to defing

4.8.20.9

The COMPRIN' staterment is optional and is used to refer to a component pin on an assembly intended to
be accessed for test. The first parameter, <component_ref>, is required and references g unique
component name, <ref_desig>, established in the COMPONENTS section. The second parameter,
<testpoint_xy>, is optional and is used to define the absolute xy coordinates of the pin,
<pin_physical_ref>, identified in the PACKAGES section for the particular component.

4.8.20.10 CONPIN

The CONPIN statement is optional and is used to refer to a connector pin on a board, panel, or assembly
intended to be accessed for test. The first parameter, <connector_ref>, is required and references a unique
connector name, <ref_desig>, established in the COMPONENTS section. The second parameter,
<testpoint_xy>, is optional and is used to define the absolute xy coordinates of the pin,
<pin_physical_ref>, identified in the PACKAGES section for the particular connector.
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A TESTCONNECTS Section Example

$TESTCONNECTS
USEDI N: "I CTFX- 66540";
TESTCONNECT: "ENABLE BAR';
TESTPI N. "C2R1", 7767;
LOCATION: "fixture_top", (2.3, 16.4);
LOCATI ON: "fixture_bottont, (2.5, 16.1);
TESTPROBE: "P1", ICT, 100, "8o0z", 0.250, BOTTOM SPEAR
COWPPI N "U134", (3.0, 4.6);
TESTCONNECT: "HS RECEI VE";
TESTRIN-—"C4Rs" 300
LOCATION: "fixture_top", (2.8, 17.3);
LOCATI ON: "fixture_bottont, (2.6, 17.1);
TESTPRCBE: "P2", |CT, 75, "8oz", 0.25, B
VIA "TVie", (4.9, 6.3);
TESTCONNECT: " RN_COWP";
FI XELEC: "FN02";
TESTPROBE: "J3-1", ICT, 100, "8o
TESTCONNECT: "CLK DI V*;
TESTPI N. "CO2R06", (1550, 14250);
LOCATI ON: "fixture_top", )
LOCATI ON: "fi xture_bot
FI XELEC: "FNO1";
TESTCONNECT: " U3TJ1
TESTPI N: " C78R23",
TESTPROBE: "TJ1",
BSENDTESTCONNECTS

32", 0.00, TOP, , CAPACI|TI VE

4.8.21 [CHANGES

The CHANGES section ¢a LSS g ang| track a sequential list of changes to the main GenCAM
file. Affile of ¢ e/ and shall consist of only a HEADER sectign and a

CHANGES sectio ' ; arious sections in which changes occur. It is assufned that
all of the changes havé \Or Wj wplemented in the main GenCAM file. Changes are ide«£fied by
name ar ied to are also changed. The CHANGES section can have sofne or all

of the ke
CHANGE

USEDIN: <usedin_ref> 0{ ,<usedin_ref>} n;
i
CHANGE: <change_name>, <section_name>, <action>,

[<hictans 1neromonts] -1 n
[SHirStory —mcrermen= 1t

> Y
<statement_keyword>: <old_parameter_list>;} n
4
<statement_keyword>: <new_parameter_list>;} n
O{ COMMENT: <comment>;}n

< In
< In
< }In
$ENDCHANGES
<usedin_ref> n= string - a$HEADER fixture(s), panel(s), board(s) or assembly(ies)
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<usedin_ref>
<change_name>
<section_name>

<action>
<history_increment>
<statement_keyword>

string
string - an identifier for the changei.e. "SAM1"
{HEADER | ADMINISTRATION | FIXTURES | PANELS | BOARDS
| DRAWINGS | PRIMITIVES | ARTWORKS | PATTERNS
| MECHANICALS | LAYERS | PADSTACKS | PACKAGES
| FAMILIES | DEVICES | COMPONENTS | POWER | ROUTES
| TESTCONNECTS} 1
{ADD | DELETE | REPLACE} 1
p_integer
fixed field string -- only the keyword statements (Appendix B) from the
section specified in the CHANGE statement are

<old_pgrameter_list>
<new_pprameter_list>
<comment>

The $CHANGES and $ENDCHANGES section keywords mark the €
file. Each change description shall start with the CHANGE keywoxd.

4.8.21.1 USEDIN

The USEDIN statement associates the statements that f

panel(s)

4.8.21.2f CHANGE

alfowed.
acceptable parameter value
acceptable parameter value
string

3enCAM

board(s),

The CHANGE statement can be used to i or multiple changes to the GenCAM file.
The firg ‘ string that serves to uniquely name the
change.| The second paramete \ S ied. It is the beginning section keyword (see
Appendix A) identifying thesectivn(in whish'the.chiange.occurs. The third parameter, <action>, is a fixed

field, and shall be one of S » , describing the nature of the change. The fourth
parameter, <history _incrg s _optional, It provide a history increment number that gerves to

group changes,

4.8.21.3

The Stat

applies;
the char

an existi
associated keyword S

va'

ves to identify the keyword statement(s) to which the|changes
; keyword statements identified in the standard are permissible. When
only the’ling(s) to be added, with al their appropriate parameters, is ffequired.

ord statement or multiple keyword statements.  When the change type is
ip€, or multiple lines whose keyword statement and parameters match|exactly,
yired. When the change type is REPLACE, the first keyword statement apd all its
ement(s), are expected to match an existing line or line set (i.e. POLY GON) of the

GenCAM section. The following statement is required to indicate the new information to replace that

which is being removed.

48214 COMMENT

The optional COMMENT statement can be used to add other information that is considered relevant to
the CHANGE. The only parameter is a single quoted string, though the comment string can span multiple

lines.

4.8.21.5 Changes to the HEADER Section

Some of the HEADER statement parameters can be changed by indicating the <section_name> HEADER
in the CHANGES section. The syntax must be the same as that described in the origina HEADER
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section. The GenCAM statement should not be changed unless the GenCAM specification changes are
reflected in the file. The GENERATEDBY statement may be changed through a REPLACE action; the
parameters of <software_package> and <software_rev> are required.

ASSEMBLY, BOARD, PANEL, and FIXTURE should not be changed except for the REVISION
parameter. The keyword statement would maintain all parameters except that a new REVISION would
replace the old one. The UNITS and the ANGLEUNITS statement can be changed through a REPLACE
action, however there may be rounding errors on dimensions. The HISTORY statement cannot be
changed in the CHANGES section. Only the host system can update this parameter, however the
<history_increment> must match the original file.

4.8.21.6 Changes to the ADMINTSTRATTON Section

New inflormation may be added to the ADMINISTRATION Section for any of {the keyword stgtements
contain% therein Information should be defined as ADD or REPLACE achi ions are
only appropriate for superfluous characteristics. Since the TRANSACTIO o Sts defines
the trangaction as a PO, RFQ, RFP, RFA, or CO, the CO shall be v i talls of an

existing|GenCAM file.

4.8.21.7) Changes to a FIXTURES Section

New infiormation may be added to the FIXTURES sectig c pntai ned
therein. ion>" A fixture name can be
changed URE statement. FIXTURE
parametgl ction by redefining the entire
FIXTUR

4.8.21.8

A PANE PANEL, using a unique <panel_name>, in an
ADD <gcti Nsection 8 agiding a reference to the panel in the FIXTURE
Section usi CHON [ ti 3y be added to the PANELS section for any of the
keyworg | ' ' action>.
A panel ptement.
PANEL e entire
PANEL

4.8.21.9

A BOA h unique
<board | ne board

in the H sections using an ADD <action>. New information may be added to the
BOARDS section of the keyword statements contained therein. This may be through gn ADD,
DELETE,©r REPLACE <action>. A board name can be changed through reference of the <useflin_ref>
paramete Al ) rom the
BOARDS sectlon by redeflnlng the entlre BOARD using the same <board name>, in a REPLACE
<action>.

4.8.21.10 Changes to the DRAWINGS Section

New information may be added to the DRAWINGS section for any of the keyword statements contained
therein. New drawings can be defined using a unique <drawing_name> and descriptionsin a DRAWING
block using an ADD <action>. Existing drawing descriptions can aso be changed by redefining the
drawing, using the same <drawing_name>, with a REPLACE <action>. Drawings can be deleted by
entering a DRAWING statement and a DELETE <action> and referencing the existing <drawing_name>.
Referencing the <drawing_name> will delete the optional <url> and <drawing_format>, if they exist.
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