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The Principles of In May 1995 the IPC’s Technical Activities Executive Committee adopted Principles of

Standardization Standardization as a guiding principle of IPC’s standardization efforts.
Standards Should: Standards Should Not:
« Show relationship to Design for Manufacturability « Inhibit innovation
(DFM) and Design for the Environment (DFE) * Increase time-to-market
e Minimize time to market » Keep people out
 Contain simple (simplified) language * Increase cycle time
* Just include spec information * Tell you how to make something
* Focus on end product performance  Contain anything that cannot
¢ Include a feedback system on use and be defended with data

problems for future improvement

Notice IPC Standards and Publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum
delay the proper product for his particular need. Existence of such Standards and Publications
shall not in any respect preclude any member or nonmember of IPC from manufacturing or sell-
ing products not conforming to such Standards and Publication, nor shall the existence of such
Standards and Publications preclude their voluntary use by those other than IPC members,
whether the standard is to be used either domestically or internationally.

Recommended Standards and Publications are adopted by IPC without regard to whether their
adoption may involve patents on articles, materials, or processes. By such action, IPC does
not assume any liability to any patent owner, nor do they assume any obligation whatever to
parties adopting the Recommended Standard or Publication. Users are also wholly responsible
for protecting themselves against all claims of liabilities for patent infringement.

IPC Position It is the position of IPC’s Technical Activities Executive Committee (TAEC) that the use and
Statement on implementation of IPC publications is voluntary and is part of a relationship entered into by
Specification customer and supplier. When an IPC standard/guideline is updated and a new revision is pub-
Revision Change lished, it is the opinion of the TAEC that the use of the new revision as part of an existing
relationship is not automatic unless required by the contract. The TAEC recommends the use
of the lastest revision. Adopted October 6. 1998
Why is there Your purchase of this document contributes to the ongoing development of new and updated
a charge for industry standards. Standards allow manufacturers, customers, and suppliers to understand one
this standard? another better. Standards allow manufacturers greater efficiencies when they can set up their

processes to meet industry standards, allowing them to offer their customers lower costs.

IPC spends hundreds of thousands of dollars annually to support IPC’s volunteers in the
standards development process. There are many rounds of drafts sent out for review and
the committees spend hundreds of hours in review and development. IPC’s staff attends and
participates in committee activities, typesets and circulates document drafts, and follows all
necessary procedures to qualify for ANSI approval.

IPC’s membership dues have been kept low in order to allow as many companies as possible
to participate. Therefore, the standards revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards,
why not take advantage of this and the many other benefits of IPC membership as well? For
more information on membership in IPC, please visit www.ipc.org or call 847/790-5372.

Thank you for your continued support.
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DISCLAIMER

By publication of these standards, Surface Mount Equipment Manufacturers Association
(SMEMA) takes no position respecting the validity of any patent rights or copyrights asserted in
connection with any item mentioned in these standards. Under the current law of the United States and
numerous other countries, the use of a copyright notice is not necessary in order for a work to have
copyright protection. Such protection is available to all subject matter entitled to copyright protection
from the moment it is “fixed in a tangible medium of expresson.” Therefore, unless the work has been
published with a statement from the author that it may be fredly reproduced, it should be assumed that all
referenced works have copyright protection. Users of these standards are expresdy advised that
determination of any such patent rights or copyrights, and the risk of infringement of such rightsare
entirely their own responsihility.

These standards do not purport to address safety issues, if any, associated with their use. It isthe
responsibility of the user of these standards to establish appropriate safety and health practices and
determine the applicability of regulatory limitations prior to use. SMEMA makes no warranties or
representations as to the suitability of the standards set forth herein for any particular application. The
determination of the suitability of the standard is solely the responsibility of the user. Users are cautioned
to refer to manufacturer’ sinstructions, product labels, product data sheets, and other relevant literature
respecting any materials mentioned herein. These standards are subject to change without notice.

The user’ s attention is called to the possihility that compliance with this standard may require use
of copyrighted material or of an invention covered by patent rights. By publication of this standard,
SMEMA takes no position respecting the validity of any patent rights or copyrights asserted in
connection with any item mentioned in this standard. Users of this standard are expresdy advised that
determination of any such patent rights or copyrights, and the risk of infringement of such rights, are
entirely their own responsihility.

Reproduction of the contentsin whole or in part is forbidden without express written consent of
Surface Mount Equipment Manufacturers Association

___ Documents
Main Document 2 SvEViA SREE SpeaHicationng Hub

Full document details: IPC 2531-1999


http://www.avadocuments.com/doc/ipc-2531-1999
http://www.avadocuments.com/doc/ipc-2531-1999

Participants

Task Force Leader
Andrew Dugenske, Georgia Institute of Technology

Contributors

Bob Balog, MPM

Dick Brown, 3Com

Steve Carlson, Research International
Loring Chadwick, MPM

Randy Chancdllor, Mitron

Ranjan Chatterjee, Motorola

Norm Cox, Research International
Rob Donley, UNICAM

Ron Evans, 3Com

Stephen Fuks, Ford Motor Company
Kamran Guivian, Asymtek

Scott Hansohn, CyberOptics

Jeff Hawthorne, MV Technology
Matthew Kdly, Graphicode

Robert Kelley, General Scanning
Dave Kerem, Caméot Systems
Brian Leedy, Electrovert

Ken Moore, Georgia Institute of Technology
Thomas Newton, Panasonic KME
Eric Nillson, Graphicode

Curtis Parks, National Ingtitute of Standards and Technol ogy

Greg Parks, CyberOptics

Pete Patel, 3Com

Mark Pinkerton, Siemens

Scott Post, Delco Electronics

John Rosenberger, Universal Instruments
Steve Schwarz, Panasonic

Pat Sugrue, DEK Printing Machines
Shaun Turner, Fuji Machine Manufacturing
Steve Vickers, Zevatech
ChrisWoodward, Siemens

Stefan Zihlke, Semens

—_ Documents

Main Document 3

Full document details: IPC 2531-1999

SVIEVIA SREE Seesificati®nng Hub


http://www.avadocuments.com/doc/ipc-2531-1999
http://www.avadocuments.com/doc/ipc-2531-1999

Table of Contents
1. Introduction

1.1. Intent
1.2. Scope

1.3. Overview
2. General Guidelines

2.1. Priorities
2.2. Precedence
2.3. Conformance Requirements

2.4. Information Content
3. File Format

3.1. Characters
3.2. Comments
3.3. Delimitation
3.4. File Sructure

4, Schema

4.1. General
4.2. Object Definition

5. Data

5.1. Object Location
5.2. Object Order

5.3. Attribute values
5.4. Data Extension

6. Vendor I ndependent Objects

6.1. Common Objects

6.2. Dispense Objects

6.3. Inspection Objects

6.4. Line Configuration Objects
6.5. Material Movement Objects
6.6. Placement Objects

6.7. Print Objects

6.8. Reflow Objects

6.9. Shape Objects

___ Documents
Main Document 4 SvEViA SREE SpeaHicationng Hub

Full document details: IPC 2531-1999


http://www.avadocuments.com/doc/ipc-2531-1999
http://www.avadocuments.com/doc/ipc-2531-1999

6.10. Test Objects
6.11. Unit Objects
6.12. Wave Solder Objects

7. Vendor Specific Objects

8. Error Types

8.1. Error Codes

8.2. Mechanism for Reporting Error Messages

9. Glossary

Appendix A, Backus-Naur-Form Reference

Appendix B, BNF Grammar

Appendix C, Data Types

Appendix D, Object List

Appendix E, Entity Relationship Diagram

Appendix F, Coordinate System Graphics

Appendix G, File Example

Appendix H, Error Codes

Appendix |, Object Naming Form

Appendix J, Compliance Forms

Appendix K, Method to Register Company Name with SMEM A

___ Documents
Main Document 5 SvEViA SREE SpeaHicationng Hub

Full document details: IPC 2531-1999


http://www.avadocuments.com/doc/ipc-2531-1999
http://www.avadocuments.com/doc/ipc-2531-1999

1. Introduction

1.1. Intent

Theintent of this specification is to provide a standard method for devel oping process control
files used by e ectronics manufacturing equipment. Process control files (often referred to as recipes)
provide the instruction sets used by assembly equipment to accomplish specified tasks.

In the past, proprietary file formats were the norm. By standardizing process control files,
SMEMA's goal isto smplify the exchange of information on the factory floor by fostering
interoperability. Through the use of this standard, it is believed significant cost savings and greeter
flexibility can be realized by software developers, equipment suppliers, and e ectronics manufacturers.

1.2. Scope

General

The purpose of this specification is to outline the requirements that an SRFF file must meet. The
specification describes the file format, outlines the file sections, and indicates how data should be
represented through objects. Objects can either be vendor independent (generic objects defined in
this document) or vendor specific objects (objects created by a vendor). This document also includes
error codes that should be used to report specific information about improperly constructed files.
General guidedinesfor producing an SRFF file and vendor specific objects are also included.

Intended Audience
The intended audience for this document are individuals with knowledge of surface mount

equipment, process control files, and the processes used to manufacture electronic products. Typical
users might include manufacturing engineers, software tool devel opers, equipment operators, and
application engineers.

1.3. Overview
This specification is divided into sections as listed below:
Section 1, Introduction

This section contains the scope and intent of this standard. A brief overview of each section is
also included.

Section 2, General Guidelines

This section provides the general guiddines and specific requirements for developing an SRFF
file. It alsoindicates the conformance requirements that a vendor must follow to be SRFF compliant.

Section 3, File Format
This section outlines the file type, delimitation and structure.
Section 4, Schema
This section indicates how the schema should be constructed and objects defined.
Section 5, Data
This section describes the method for representing data using the objects defined by the schema.
Section 6, Vendor Independent Objects
This section lists vendor independent objects by process type.
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Section 7, Vendor Specific Objects

This section describes the method for constructing vendor specific objects. Vendor specific
objects are used to augment the list of vendor independent objects. This standard will not attempt to
catalog vendor specific objects. If a particular Specific object becomes widely used, it is anticipated
that the object will become part of the independent object list.
Section 8, Error Codes

This section indicates how errors encountered in standard recipe files will be handled.
Section 9, Glossary

This section contains terms and definitions used in this standard.
Appendix A, Backus-Naur-Form Reference

Backus-Naur-Form (BNF) is used to define the syntax of an SRFFfile. A BNF referenceis
included in this appendix.

Appendix B, BNF Grammar

The BNF grammar used to define the syntax of an SRFF fileisincluded in this appendix.
Appendix C, Data Types

Definitions for the allowable SRFF file data types are included in this appendix.
Appendix D, Vendor Independent Object List

Appendix D containsalist of all the vendor independent objects that have been defined by this
specification. The definitions include a description, sample schema entry, and a sample data entry.
The definitions al so include attribute names, data types, and descriptions. The objects are organized
by process type.

Appendix E, Entity Relationship Diagram
An entity relationship diagram for all the vendor independent objectsisincluded in this appendix.
Appendix F, Coordinate Systems
The coordinate system definitions are included in this appendix.
Appendix G, File Example
A sample SRFF fileisincluded in this appendix.
Appendix H, Error Codes

Error codesthat are to be returned by SRFF compliant software or equipment isincluded in this
appendix.

Appendix |, Object Naming Form

If avendor devel ops an object (vendor specific object), the object should be documented so that
ambiguities do not arise. The form (or one smilar) included in this appendix should be used for this
purpose. If figures are required to document the object, they should be included with the form.

Appendix J, Compliance Forms

If software or equipment isindicated to be SRFF compliant, the forms (or smilar) included in this
appendix should be supplied with the product.

Appendix K, Method to Obtain Vendor Specific Object Tag from SMEMA
This appendix indicates the method for obtaining a vendor specific object tag from SMEMA.
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2. General Guidelines
This section provides genera guideines for producing an SRFF file.

2.1. Priorities
When considering conflicting objectives for an SRFF file, the priority for developing afile should
be as follows:
1. Facilitate automatic generation
2. Facilitate manual editing
3. Facilitate manual generation
2.2. Precedence
= Datacontained in an SRFF file supersedes data external to thefile.
= Vendor specific data supersedes vendor independent data.
2.3. Confor mance Requirements

General

Compliance to the SRFF standard can be achieved at various leves, with one being the minimum
level with the lowest performance. Complianceisindicated by the information provided by the
vendor on the forms contained in Appendix J. A copy of these completed forms should be included in
the documentation supplied with equipment or software that is indicated to be SRFF compliant.

Object Description Form
All vendor specific objects must be defined by the object naming form contained in Appendix I.
Vendor Specific Error Codes

For all software or equipment that is indicated to be SRFF compliant, the vendor must supply a
list of error codes that might be returned by the software or equipment.

Vendor Specific Registration

To produce vendor specific objects, a vendor must register with SMEMA and obtain a vendor
specific object tag. Appendix K contains the logistics for obtaining a vendor specific object tag from
SMEMA.

2.4. Information Content

General

An SRFF file shall contain all the necessary data required by a single piece of process equipment
to produce a product. (Note: Although a future goal of the SRFF specification isfor all the data
required to produce a product reside in asinglefile, only the process data that will be used by asingle
machine shall be contained in an SRFF file adhering to this specification.)

Units

Units of measure used in an SRFF file shall be defined once for the entire file. Data defining the
units of measure must be located in the vendor independent data section.
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Coordinate Systems

All coordinate systems shall adhere to the conventions shown in figure 2.1. Additional coordinate
system conventions can be found in Appendix F.

Y
A
j Rotation Y
Rotation X
> x
Rotation Z

Figure 2.1 Coordinate system conventions to be used in SRFF files.

—_ Documents

Main Document

Full document details: IPC 2531-1999

SVIEVIA SREE Seesificati®nng Hub


http://www.avadocuments.com/doc/ipc-2531-1999
http://www.avadocuments.com/doc/ipc-2531-1999

3. File Format

This section indicates how an SRFF file is structured and ddimitated. It also indicates which
characters can be used in an SRFF file and how comments are |abd ed.

3.1. Characters

An SRFF file can only contain ASCII characters. Binary data must be converted to ASCII and
can only exist in the vendor specific data sections. ASCII and Binary are defined in Appendix C. The
method to convert Binary data into ASCII datais also contained in Appendix C.

3.2. Comments

The# character is a comment character. All text on aline after the # character shall be considered
comment text.

3.3. Delimitation

An SRFF fileis ddimited by position. All stand-alone groupings of letters or numbers must be
delimited (separated) by one of the three combinations:

=  White Space(s)

= [White Space(s)] { [White Space(s)]

= [White Space(s)] } [White Space(9)]
Where

= White Space(s) means one or more: space, tab, carriage return or line feed.

= [White Space(s)] means optional.

= Theplacement of { and } are dictated by the BNF grammar.

3.4. File Structure

An SRFF file contains two main sections: the schema and data. Each of these main sectionsis
divided into product and process sections. The product and process sections are further divided into
vendor independent and vendor specific sections.

The schemaiis placed at the beginning of the file, and defines the objects that will be used in the
data section. The product section of the schema is used to define objects that pertain to the physical
characteristics of the electronic product (e.g., location, thickness, and part numbers). Whereas, the
process section of the schemais used to define objects that relate to the manufacturing of the product
(e.g., placement order, squeegee pressure).

The schema can define two different types of objects: vendor independent and vendor specific.
Vendor independent objects are defined by this standard and are meant to represent data and
processes in a generic manner. Vendor specific objects are objects that have been defined by a
particular vendor for a specific application. To foster interoperability, it is recommended that vendor
independent objects be used whenever possible.

The data section of the file follows the schema. It contains instances of populated objects that
were defined in the schema. Asin the schema, the data section is segmented into product and process
sections and each of these sections is segmented further into vendor independent and vendor specific
sections.
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{Schema
{ Pr oduct
{ Vendor
{ Vendor
{ Vendor

{ Vendor
}
{Process
{ Vendor
{ Vendor
{ Vendor

{ Vendor

}
{Dat a

{ Product
{ Vendor
{ Vendor
{ Vendor

{ Vendor
}
{Process
{ Vendor
{ Vendor
{ Vendor

{ Vendor

I ndependent Product Schenma
A Product Schema}
B Product Schena}

N Préduce Schena}

I ndependent Process Schena}
A Process Schema}
B Process Schena}

N Prbcess Schena}

I ndependent Product Dat a}
A Product Data}
B Product Data}

N Préduct Dat a}

I ndependent Process Dat a}
A Process Dat a}
B Process Data}

N Prbcess Dat a}

Figure 3.1 Pseudo code representation of an SRFF File.
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| Vendor "A" |
|  Object !
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Vendor
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|  Object !
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\
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| Vendor "B" |
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/ ~N
| Vendor "N" |
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Figure 3.2 Graphical representation of an SRFF file.
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4. Schema

4.1. General

Thefirst section of the fileis aways a schema that providesinstructions for parsing thefile. The
schema can define two types of objects. vendor independent and vendor specific.

4.2. Object Definition

Unigueness

All objects used in the file must be defined by the schema and be unique. Objects can only be
defined in terms of object and attribute identifiers that have been previoudy defined. Objects cannot
be redefined.
Combining Objects
Vendor independent objects may not be modified.
Vendor specific objects may contain vendor independent objects.
Vendor specific objects may not contain vendor specific objects defined by another vendor.
Vendor specific objects may contain vendor specific objects defined by the same vendor.
Object attributes

Each object attribute has a data type assigned to it. Refer to Appendix C for the list of data types.

Schema Syntax
The BNF grammar for the schemaislocated in Appendix B. A BNF referenceis contained in
Appendix A.
— Documents
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5. Data

The Data section of the file contains product and process data in a format specified by the
Schema.
5.1. Object Location

= Vendor independent product objects can appear in any product data section.

= Vendor independent process objects can appear in any process data section.

=  Vendor specific product objects shall reside only in the corresponding vendor specific,
product data section.

= Vendor specific process objects shall resde only in the corresponding vendor specific, process
data section.

5.2. Object Order
The order of objects within a data section does not matter.
5.3. Attribute values

= Objects with the same name cannot have duplicate |d values.
= Default attribute values are not supported.
= Unused attribute values shall be indicated by the character “*”.

5.4. Data Extension

= Data“carried over” from a previous object is not supported.
= |ncremental values from previous objects are not supported.
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6. Vendor Independent Objects

Vendor independent objects are maintained by SMEMA and provide a standard way to represent
datathat is commonly used in process control files. These objects do not include vendor or machine
specific information, so they can easily be shared among platforms.

Developers of standard recipe files are encouraged to make use of these objects to improve
compatibility. This section lists all the vendor independent objects by processtype. A complete
description of al the vendor independent objectsis contained in Appendix D.

6.1. Common Objects

Table6.1
Name Description

Barcode A product object defining the content of the product barcode on a
pand.

ComponentDefinition Used to link a component part name to a Location.

ComponentLink Used to link a component package type to a part name.

Feature Used to indicate a shape and the position and orientation of the shape
with respect to a Pattern coordinate system.

FeatureGroup A list of Pattern Features.

FeatureGroupOrdered | A list of Pattern Features where the order is significant.

Header Used to include product notes and the product name in a predictable
format.

Image Used to define the position and orientation of an Image coordinate
system with respect to a reference Image coordinate system.
Associates an ImageDefinition and a SkipMark with the Image.

ImageDefinition Used to group a set of Locations.

ImageFiducial Associates a fiducial with an Image. Defines the shape, position, and
orientation of the fiducial and associates a reference designator.

LocaFiducia Associates a fiducia with a Location. Defines the shape, position,
and orientation of the fiducial and associates a reference designator.

Location Used to define the position and orientation of a component
coordinate system with respect to an ImageDefinition coordinate
system.

L ocationGroup A list of Locations and corresponding Images.

LocationGroupOrdered | A list of Locations and corresponding Images where the order is
sgnificant.

Pandl Used to define the dimensions of a Panel.

Pattern Used to link a PatternDefinition to a part name.

PatternDefinition Used to group alist of features.

Shape Used to indicate a geometry type.

SkipMark Used to define an Image SkipMark. Defines the shape, position, and
orientation of the SkipMark.

SRFFVersion Indicates the SMEMA SRFF version used to create thefile.

Vendor Shapel.ink Used to link a vendor defined shape to the Shape object.
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6.2. Dispense Objects

Table6.2
Name Description
DispenseOrder A list of Pattern Features where the order is significant
with respect to dispense operations.

6.3. I nspection Objects

Table6.3
Name Description
InspectOrder A list of Pattern Features where the order is significant
with respect to inspection operations.

6.4. Line Configuration Objects

As of this version of the specification, no vendor independent line configuration objects have been

defined.
6.5. Material M ovement Objects

As of thisversion of the specification, no vendor independent material movement objects have

been defined.
6.6. Placement Objects
Table6.4
Name Description
PlacementOrder A list of Locations where the order is significant with
respect to placement operations.

6.7. Print Objects
Table 6.5

Name

Description

Print

A process object defining the Print stroke action
parameters.

PrinterAlignment

A process object defining alignment fiducial information
for a screen.

PrintArea

Product information defining the area to be printed.

ScreenProperties

A product object that defines the dimensions of a screen
frame and the position of the Image.

ScreenFiducial A process object defining a fiducial on a printer screen.
Squeegee Process settings for a squeegee.
SqueegeeProperties A process object containing information about squeegees.

6.8. Reflow Objects

As of thisversion of the specification, no vendor independent reflow objects have been defined.
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6.9. Shape Object

Table 6.6
Name Description

Cross Used to define the two dimensional geometry of a cross
shape.

Diamond Used to define the two dimensional geometry of a
diamond shape.

Disc Used to define the two dimensional geometry of adisc
shape.

Donut Used to define the two dimensional geometry of a donut
shape.

Rectangle Used to define the two dimensional geometry of a
rectangle shape.

Triangle Used to define the two dimensional geometry of atriangle
shape.

6.10. Test Objects

As of this version of the specification, no vendor independent test objects have been defined.

6.11. Unit Objects

Table6.7

Name Description
AcclerationUnits Used to define the units of acceleration.
AngleUnits Used to define the units of angular measurement.
AngularAcclerationUnits Used to define the units of angular acceleration.
AngularVeocityUnits Used to define the units of angular velocity.
DistanceUnits Used to define the units of distance.
FlowUnits Used to define the units of volumetric flow.
ForceUnits Used to define the units of force.
HumidityUnits Used to define the units of humidity.
MassUnits Used to define the units of mass.
PowerUnits Used to define the units of power.
PressureUnits Used to define the units of pressure.
TemperatureUnits Used to define the units of temperature.
TimeUnits Used to define the units of time.
TorgueUnits Used to define the units of torque.
Vel ocityUnits Used to define the units of velocity.
VolumeUnits Used to define the units of volume.

6.12. Wave Solder Objects

As of thisversion of the specification, no vendor independent wave solder objects have been

defined.
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7. Vendor Specific Objects

This standard allows vendors to develop vendor specific objects that can be used in an SRFF file.
A vendor must first register with SMEMA and obtain a vendor specific object tag prior to including
vendor specific objectsin an SRFFfile. For information on registering with SMEMA as an SRFF
vendor, please see Appendix K.

As certain vendor specific objects become widdly used it is anticipated that SMEMA will
incorporate them into future versions of this specification as vendor independent objects. By
incorporating new vendor independent objects into future versions of this specification
interoperability should be improved.

Once a vendor has obtained an object tag from SMEMA, vendor specific object definitions can be
included in the appropriate vendor specific object section of an SRFF file. A vendor specific section
starts with the keyword “Organization”, and the appropriate location in thefileis dictated by the BNF
grammar contained in Appendix B. Rules and guidelines for developing a vendor specific object are
asfollows:

Thefollowing are Requirements for Producing Vendor I ndependent Objects.

1. The BNF grammar must be adhered to. See Appendix B.

2. Therulesoutlined in Section 4 (Schema) must be followed.

3. All vendor specific objects must be documented using a form contained in Appendix | (or one
amilar).

4. A vendor specific object name must start with a vendor specific object tag assigned by

SMEMA. Appendix K indicates the method for obtaining a vendor specific object tag

(i.e. DugNewObjectName, where Dug is the vendor tag).

Object names must be unique.

Attribute names within an object must be unique.

Object and attribute names must be less than 64 characters and start with aletter.

All objects must contain an Id.

. Objects must be designated as product or process type.

Thefollovw ng are Guidelinesfor Producing Vendor | ndependent Objects:

Devel opment of new unit objectsis discouraged.

Product objects should not reference process objects.

3. Hungarian Notation should be used to specifying object and attribute names (i.e.

AddNewObjectName should be used versus addNewobjname).

Underscores should be avoided in object and attribute names.

A minimum use of abbreviations should be used when naming objects and attributes (i.e.

AddNewObjectName should be used versus AddNwObjNam).

6. Wordsthat should be avoided included: |€ft, right, up, down, and front. Instead, PositionX,
PositionY, and PositionZ should be used and referenced to an image.

7. Itisrecommended that the conventions outlined in table 7.1 be used for defining vendor

specific object attributes.
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Table7.1

Attribute Name' | Type Order? Description

Objectnamel D Id 1 Object Id

Name String 2 Name associated with object instance
PositionX Distance 3 Distancein x from the reference image origin
PositionY Distance 4 Distancein y from the reference image origin
PositionZ Distance 5 Digtancein z from the reference image origin
RotationX Angle 6 The Rotation about the reference image x-axis.
RotationY Angle 7 The Rotation about the reference image y-axis.
RotationZ Angle 8 The Rotation about the reference image z-axis.
Referncelmageld | Id Last -2 Id of the reference image.

ReferenceNamel | Id Last-1 Reference to the Id of Object Namel
ReferenceName2 | Id Last Reference to the Id of Object Name2

Ytalicsindicate user definable.
*Order indicates the relative position of the attribute in the object definition.
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8. Error Types

Errors produced by SRFF compliant software or equipment should be classified aslexical,
syntactical, semantic, or dynamic by the software or equipment processing afile. The four
classifications are defined bel ow.

Lexical

These errors are found when the compiler is parsing the stream of characters constituting the
source file into a sequence of language tokens, which in turn will form statements or expressions. An
example of alexical error could be “garbage’ end-of-file control characters appearing after the final
right brace of the SRFF program. Lexical type errors also occur from the misspelling of an identifier,
keyword or operator.

Syntax

Syntactical errors are errors with the format of a particular statement or expression which violate
the rules of the SRFF grammar. These errors can occur when atoken of an expression is either
missing, contains an extraneous character, was replaced by an invalid character, or was transposed to
an incorrect location within the expresson. Examples of a syntax error include:

Example Error Code Error
{SRFFVerson 1 “1.0" SRFF 3008 Right Bracket Missing
{SRFFVerson 1 “71.0"} SRFF 3010 Extraneous Character
[SRFFVerson 1 “1.0"} SRFF 3007 Left Bracket Missing
{1 SRFFVerson “1.0"} SRFF 3001 Invalid Object Name

Semantic

Semantic errors occur when the expression has the correct syntactic structure but has no meaning
to the operation involved. A generic example of a semantic type error would be if an expression
attempted to add two identifiers, one of which isthe name of an array, and the other the name of a
procedure. Primary sources of semantic errors are undecl ared/misdeclared names and data type
incompatibilities. SRFF related examples of semantic type errors would be the use of a component
identifier in thelist of fiducials identifiers used for image trandation correction. Also, the use of the
characters ABC for the X location coordinate of a component placement would congtitute a semantic
error.

Dynamic

Dynamic errors do not necessarily relate to the SRFF language but deal with errors which happen
during the processing of the source program. These errors are usually detected during run time.
Examples of dynamic errorsinclude:

= The system could not allocate sufficient memory to complete the SRFF file import.

= Thelocal component database to be updated could not be found.

=  The placement location is off the panel.
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8.1. Error Codes

Appendix H contains a standard set of error codes that shall be returned by SRFF compliant
equipment and software for syntactical and lexical errors. Semantic and dynamic error codes are
beyond the scope of this document.

8.2. Mechanism for Reporting Error Messages
No mechanism for reporting errorsis explicitly part of this specification.
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9. Glossary

Backus-Naur Form (BNF). Thelanguage used to define the structure and syntax of an SRFF file
and the objects used in an SRFF file.

Delimitation. The method of separating individual groupings of letters or numbers. Deimiters mark
the beginning and end of a grouping

Feature. A shape that has a position and orientation with respect to a pattern origin.
Image. A coordinate system definition.

I mage Definition. A group of locations.

Location. The position of a component.

Object Definition. A definition that includes the object name, object structure, attributes names, and
attribute types (smilar to the table definition in a database).

Object Instance. Data contained in the structure defined by an object (smilar to individual records
in a database table).

Objects. A structure used to represent information (Smilar to a database table definition). In this
specification, object methods are not supported.

Panel. The substrate that will be passed through the manufacturing equipment. All the coordinate
systems in an SRFF file reference the pand coordinate system directly or indirectly.

Pattern. A geometric arrangement of shapes associated with a component.

Process. The section of afile pertaining to the manufacturing process of the e ectronic product, such
asthe inspection or placement order.

Product. The section of afile pertaining to the physical characteristics of the eectronic product,
such as dimensions and location.

Schema. The section of afile used to provide object definitions.
Vendor Independent Object. An object defined by this standard for generic data and processes.

Vendor Specific Object. An object defined by a vendor for usein specific applications.
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General

We use the Backus-Naur-Form (BNF) to define the syntax of an SRFF file. Every BNF definition
follows the form:

Symbol :- Rule

Where, symbol is the name of the symbol to be defined and rule is the direction that leads to the
symboal.

Concatenation

A concatenation of symbolsis described by combining single symbols. As an example, the
definition:

SmemaFile :- SchemaSection DataSection

means that a SmemaFile consists of a SchemaSection followed by a DataSection

Multiple Choices

The operator ‘| is used to select between rules. The| can separate morethan onerule. Asan
example:

Digit:- 0]11]2]3]|4]15|6|7|8]|9
meansthat adigitisOor 1or...or 9.

Example (Defining an I nteger)

An Integer iseither adigit (i.e. 2) or severa digits (i.e. 4711). The BNF-Notation might be as
follows:

Integer  :- Digit [l asingledigit
| Digit Integer /I repetition (recursive)

Example (Defining a String)
The notation for a string enclosed in quotation marks might be:

Srlng :_ [N{R) mw N1}
Meat - EMPTY [l allows empty strings
| Letter Meat
Letter -atp e | ...
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Angle
AngularAcceleration

AngularVeocity

== (AR)(NIN)(Glg)(LIN(Ee)
= (AR)(NIN)(GI)(V[u)(LIN(RIN(AR)(Cle)(Cle) (Ele)(LIN(EI)(RIN(AR(TIE)(I)

(Olo)(NIn)

== (AR)(NIN(GIg)(V[u)(LN(RIN(V V)(E[E)(LIN(OIo) (Cle) (1T (Y ly)

Binary - (BIR)(I)(NIN)(AR)(Ra)(Y ly)

Boolean - (BIb)(Olo)(Olo)(L|I)

Close -}

Data - (Dld)(AB)(TIt)(Ala)

DateTime - (DIA)(AR(TI)(ER)(TI([)(M|m)(Ee)

Bistance - (D)) (SIS)(T)AR)(NIN)(Cle)(Ele)
ot -

Empty -

False - (FIN(AR(LIN(SIS)(Ele)

Float - (FI(LIN(Olo)(Al)(TTt)

Flow - (FH)(LIN(Olo)(Ww)

Force - (FH(Olo)(RIN(Clc)(Ele)

HexCode - 0x|OX

Humidity = (HIR)Uu) (MmO (AT T Y ly)
Id - (1)(D]d)

Integer - (ID(NJN)(TI)

Length - (LINCEI(NIN)(GIg)(TIt)(HIN)

List = (LA SIS)(TI)

Mass - (MIm)(Ala)(SIs)(Sls)

Object - (Olo)(BIb)(A)(ElE)(Cle)(TTt)

OctalCode - (0)

Open - |

Organization - (Olo)(RIN(Glg)(AlR)(NIn) (1) (Z|2) (Al (TIE)(1i)(Olo)(NIn)

Power - (PIp)(Olo)(W|w)(Ele)(RIr)

Pressure - (PIP)(RIN(Ele)(Sis)(SIs) (V) (RIN) (Ele)

Process == (PIP)(RIN(Olo)(Clc)(Ele)(SIs)(SIs)

Product - (PIP)(RIN(Olo)(DId)(U[u)(Cle)(TTt)

Schema - (SI8)(Cle)(HI)(Ele)(M|m)(Ala)

Select - (SIs)(Ele)(LIN(El)(Clc](TIt)

SMEMA == (S (MIm)(Ele)(M|m)(Ala)

String = (SIS)(THRINANIN)(Ga)

StringDelimiter -

Temperature - (TIOERMIM)(EIR)(RIN(AR(TI)(UIU)(RIN(Ele)

Time - (THUHMIMY(ElE)

Torque - (TIH(Olo)(RIN(Qla)(U|u)(Ele)

True - (TH(RIN(UJu)(Ele)

Unused - *

Velocity = (VIV)(EIB)(LIN(OIo)(Cle)(H)(TIE) (Y ly)

Volume - (VIV)(Olo)(LIN(Uuw)(M|m)(E|e)

SMEMAFile ;- SchemaSection DataSection

SchemaSection .- Open Schema ProductSchema ProcessSchema Close
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ProductSchema

ProcessSchema

SMEMASchema

VendorSchemas

VendorSchema
VendorName

SchemaEntries

SchemaEntry
ObjectName
Objectld
ObjectildName

Attributes

Attribute

AttributeType

AttributeName

ObjectAttribute

:- Open Product SMEMA Schema Vendor Schemas Close

.- Open Process SMEMA Schema Vendor Schemas Close

.- Open Organization SMEMA SchemaEntries Close

.- VendorSchema

| VendorSchema VendorSchemas

| Empty

.- Open Organization VendorName SchemaEntries Close

- Name

.- SchemaEntry

| SchemaEntry SchemaEntries

| Empty

.- Open ObjectName Objectld Atttributes Close

- Name

.- Open Id ObjectildName Close

- Name

- Attribute

| Attribute Attributes

| Empty

- Open AttributeType AttributeName Close

| Open Select Open Attributes Close Close

| Open List Open Attributes Close Close

| ObjectAttribute

.- Integer | Float | Boolean | Id | String | Binary | DateTime | Length | Angle
| Distance | AngularAcceleration | AngularVelocity | Flow | Force | Humidity
| Mass | Power | Pressure | Temperature | Time | Torque | Velocity | Volume

- Name

.- Open Object ObjectName Close
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DataSection .- Open Data ProductData ProcessData Close

ProductData .- Open Product DataBlocks Close
ProcessData .- Open Process DataBlocks Close
DataBlocks .- Open Organization VendorName DataEntries Close
| Open Organization VendorName DataEntries Close DataBlocks
| Empty
DataEntries .- DataEntry
| DataEntry DataEntries
| Empty
DataEntry .- Open ObjectName BaseTenNumber Values Close
Values - Vaue
| VaueValues
| Empty
Value - Unused
| Open ValuesClose
| DataEntry
| BaseTenNumber
| BaseOctalNumber
| BaseHexNumber
| |EEENumber
| StringValue
| BooleanValue
| BinaryValue
BooleanValue - True|False|'T |'F |t |'F
BinaryValue - StringValue (note: has to follow uuencode rules)
BaseTenNumber .- Sign Digits
Digits .- Digit | Digit Digits
BaseHexNumber .- HexCode HexNumber
HexNumber .- HexDigit | HexDigit HexNumber
BaseOctal Number ;- Octal Code Octal Number
Octal Number .- OctalDigit | Octal Digit Octal Number
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| EEENumber .- BaseTenNumber Dot Digits (E|e) BaseTenNumber
| BaseTenNumber (Ele) BaseTenNumber
| BaseTenNumber Dot Digits

| BaseTenNumber
Sign - Empty |- |+
Octal Digit - 0]1]12]3]415]6]|7
Digit - 0]1]12]3]415]6|7|8|9
HexDigit - 0]112]3[4[5]6]7[8]9](Ala) [ (Blb) [ (Clc) [ (DId) | (Ele) | (FIf)
StringVaue - StringDelimiter Letters StringDeimiter
Letters .- Empty | Character Letters
Letter - alb|...|z|A|B]....|Z
Special Character S _IEISI% &= - I#IN?INL LI < > @] e
Character .- Letter | Digit | Special Character
Name .- NameCharacters
| Empty
NameCharacter .- Letter
| Digit
| Empty
NameCharacters .- NameCharacter
| NameCharacter NameCharacters
| Empty
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I nteger data type definition
Both positive and negative integers are allowed without requiring or specifying arange of valid values.

Floating point data type definition
Floating point numbers are allowed which meet the |EEE-754 specification for binary floating point
data.

Boolean data type definition
Boolean data values are represented as specified in the BNF Grammar .

I D data type definition
ID values are integers, which are unique when required to specify a particular object of a particular type.

String data type definition

String data is defined as starting and ending with a quotation mark (*). All valid ASCII charactersare
permitted. Embedded quotation marks are preceded with a backdash (\). Embedded backdashes are
also preceded with abackslash. (i.e. The string representing the filename of a directory d:\"fred"\ would
be specified as "d:\\"fred\"\\"). String dataislimited to 65535 bytes per item. Newline characters are
permitted within strings.

Binary data type definition

Binary datais allowed and should be encoded according to the uuencode algorithm. The data should
start with the keyword "begin" followed by aline break. Thefirst character of each line represents the
number of bytes on the line, zero is represented with a back-quote or grave accent mark (7). A number is
formed as a character with the space character (' ') added to it in order to assure that it is printable. A
maximum of forty-five bytes can be on asingle line. Three bytes of 8-bit data are then split into four
bytes of 6-bit data, which are all shifted into the range of printable characters, and this processis

repeated for the entire line, as needed for the wholefile. See also
http://www.del orie.com/gnu/docs/sharutils'uuencode.5.html

DateTime data type definition
To specific aparticular date and time, the DateTime type should be used. The DateTime type makes use
of astring to represent data. The format of the string isasfollows. YYYY-MM-DDThh:mm:ss.sTZD
where,

YYYY = four-digit year

MM = two-digit month (O1=January, etc.)

DD =two-digit day of month (01 through 31)

hh = two digits of hour (00 through 23)

mm = two digits of minute (00 through 59)

ss = two digits of second (00 through 59)

s =oneor moredigits representing a decimal fraction of a second

TZD =time zone designator (Z or +hh:mm or -hh:mm)

Note that the"T" appearsliteraly in the string. 1963-03-25T08:14:34.56-05:00 is an example.
See al so http://mww.w3.org/ TR/NOT E-datetime.html
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Measurement data type definitions
In addition to dimensionless attribute types, the BNF grammar also defines several attribute types for
which there are associated units. The values of these objects are float, the corresponding units are
defined by a unit object instance contained in the SRFF. The following table shows the correspondence
between the attribute type names and the respective unit object.

Table C.1 Unit objects used to define the unit values for a unit attribute type.

Attribute Type

Units Object Name

Acceleration AccdlerationUnits
Angle AngleUnits
AngularAcceleration AccelerationUnits
AngularVeocity AngularVeocityUnits
Distance DistanceUnits
Flow FlowUnits

Force ForceUnits
Humidity HumidityUnits
Mass MassUnits

Power PowerUnits
Pressure PressureUnits
Temperature TemperatureUnits
Time TimeUnits
Torque TorgueUnits
Velocity VelocityUnits
Volume VolumeUnits
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Common Group
Bar code Product Category

Description Used to define the content of a barcode. The barcode may pertain to a product or component.

Schema { Barcode
Entry {1d Barcodeld}

{ String Barcode}
{1d ComponentLinkld}

}
Data {Barcode 12 “ VIN0412345” 33}
Example
Attributes Name Type Description
Barcodeld Id A unique number for each instance of the Barcode object.
Barcode String A string containing barcode characters.
ReferenceComponentLinkld Id The Id number of the corresponding ComponentLink
object.
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. e Common Group
ComponentDefinition Product Category

Description Used to link a component part name to a Location.

Schema. { ComponentDefinition
Entry {1d ComponentDefinitionld}
{ String PartName}
{1d ReferenceComponentLinkld}
}
Data { ComponentDefinition 130 "SOT-3" 120}
Example
Attributes Name Type Description
ComponentDefinitionld Id A unique number for each instance of the
ComponentDefinition object.
PartName String The component part name.
ReferenceComponentLinkld Id The Id number of the corresponding ComponentLink
object.
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. Common Group
ComponentL ink Product Category

Description Used to link a component package type to a part name.

Schema. { ComponentLink
Entry {1d ComponentLinkld}
{ String PackageName}
}
Data { ComponentLink 120 "Quad Flat Pack 256"}
Example
Attributes Name Type Description
ComponentLinkid Id A unique number for each instance of the
ComponentLink object.
PackageName String The name of the package type.
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Common Group
Feature Product Category

Description Used to define the shape, orientation and position of a pattern item.

Schema. {Feature
Entry {Id Featureld}

{ String FeatureName}
{ Distance PositionX}

{ Distance PositionY'}

{ Distance PositionZ}
{Angle RotationZ}

{1d ReferenceShapel d}

}
Data { Feature 101 "Fist Pad" 230 230 0 180 103}
Example
Attributes Name Type Description
Featureld Id A unique number for each instance of the Feature object.
FeatureName String The name of the feature.
PositionX Distance  Thedistancein X from the pattern origin to this feature
origin with respect to the Pattern coordinate system.
PositionY Distance  Thedistancein Y from the pattern origin to this feature
origin with respect to the Pattern coordinate system.
PositionZ Distance  Thedistancein Z from the pattern origin to this feature
origin, with respect to the Pattern coordinate system.
RotationZ Angle Therotation of this feature coordinate system with
respect to the Z-axis of the Pattern coordinate system.
ReferenceShapeld Id The Id number of the Shape used for this feature.
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