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The Principles of
Standardization

In May 1995 the IPC’s Technical Activities Executive Committee (TAEC) adopted Principles of
Standardization as a guiding principle of IPC’s standardization efforts.

Standards Should:
• Show relationship to Design for Manufacturability

(DFM) and Design for the Environment (DFE)
• Minimize time to market
• Contain simple (simplified) language
• Just include spec information
• Focus on end product performance
• Include a feedback system on use and

problems for future improvement

Standards Should Not:
• Inhibit innovation
• Increase time-to-market
• Keep people out
• Increase cycle time
• Tell you how to make something
• Contain anything that cannot

be defended with data

Notice IPC Standards and Publications are designed to serve the public interest through eliminating mis-
understandings between manufacturers and purchasers, facilitating interchangeability and improve-
ment 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 selling 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 adop-
tion 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 them-
selves against all claims of liabilities for patent infringement.

IPC Position
Statement on
Specification
Revision Change

It is the position of IPC’s Technical Activities Executive Committee that the use and implementation
of IPC publications is voluntary and is part of a relationship entered into by customer and supplier.
When an IPC publication is updated and a new revision is published, 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 latest revision. Adopted October 6, 1998

Why is there
a charge for
this document?

Your purchase of this document contributes to the ongoing development of new and updated industry
standards and publications. Standards allow manufacturers, customers, and suppliers to understand
one 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
and publications 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 par-
ticipates 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 to allow as many companies as possible to participate.
Therefore, the standards and publications revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards and
publications, 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 847/597-2809.

Thank you for your continued support.
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Standard for Manufacturing and Supply Chain
Traceability of Electronic Products

1 SCOPE

This standard establishes minimum requirements for manufacturing and supply chain traceability based on perceived risk.
This standard applies to all products, processes, assemblies, parts, components, equipment used and other items as defined
by users and suppliers in the manufacture of printed board assemblies, as well as mechanical assembly and printed board
fabrication. This standard is applicable both for internal traceability (i.e., traceability within the environment in which the
product is assembled) and external traceability (i.e., as products and materials are moved between locations as part of their
supply chain).

Minimum requirements are based on four levels of traceability for materials and processes. These levels can correlate to the
IPC Product Classification System (Class 1, Class 2, Class 3 and Space/Defense/Medical) and/or another set of categories
of compliance, based on the business model/economic needs of the end-use market for the final product (e.g., telecom, aero-
space, automotive, medical device, consumer electronics) or a subassembly within that product.

1.1 Purpose Historically, the lack of a uniform component traceability standard has caused an unnecessary consumption
of resources (e.g., time, people, money) to track events or parts to their sources and to remedy any quality, reliability, etc.,
issues. Lack of a standard has also made it difficult to uniformly create and appropriately enforce the necessary contracts.

The traceability information detailed in this standard is intended to improve operational efficiency and productivity, quality
and reliability as well as to enable activities such as predictive maintenance in the manufacturing environment. This stan-
dard can help organizations more easily ensure end users / consumers will receive products and services that meet or exceed
their expectations in the timeliest and most economically viable method.

This standard can also aid in reducing counterfeit components in an organization’s supply chain, whether using an autho-
rized supplier or not.

1.1.1 About This Standard and the Concept of Traceability Traceability has grown from being a specialized need for
safety-critical segments of industry to a recognized tool that adds value to industry as a whole. Disparate standards that have
evolved, mainly dictated by large original equipment manufacturers (OEMs), can create confusion in the market, as a mul-
titude of requirements and definitions proliferate. The intent of this standard is to bring the whole principle of traceability
up to date. Traceability, as further described in this standard, represents both the most effective quality tool available inter-
nally within assembly operations, which can become an intrinsic part of best-practice operations, as well as the traceability
of packages between locations of material manufacture and product assembly, ensuring contents of transported items are not
compromised (i.e., by ingress of counterfeit materials). This is accomplished with the encouragement of automated data
collection from systems already integrating quality, manufacturing, engineering and supply chain, thus reducing cost of
ownership and ensuring timeliness and accuracy.

The wealth of analysis data accessible from traceability can yield information that can raise expectations for very significant
quality and performance improvements, as well as provide the necessary protection against the costs in the market as a result
of adverse issues.

This standard creates a flexible data architecture that can be adopted to represent all levels of traceability that are required
across industry. This includes support for the most demanding instances for detail and integrity (e.g., critical-safety systems)
through to situations in which only basic traceability may be needed (e.g., simple consumer products). This standard pres-
ents a cellular-based structure to provide required flexibility and create an efficient format in which unnecessary duplication
of data is avoided. The format also allows data to be added after the completion of production, enabling further detail to be
added as it becomes available.

Throughout the design of this standard, different key usage models of traceability were considered. It is written to explain
how access to critical data, when needed to identify the exact scope of any market issues, can be ensured, while also being
capable of providing ‘‘live’’ access to detailed product-build records for advanced quality analysis.

This standard also demonstrates the benefits of best-practice data collection through automated means. This is reflected in
the definitions of the different levels of traceability.
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1.1.2 Internal and External Traceability This standard covers two different, yet interconnected areas of traceability:

• Internal: Traceability within an assembly operation, which includes any electronics and/or mechanical assembly, that con-
sists of the addition of materials or subassemblies to create a new assembly. The resultant assembly may be an end-product
or become a material subassembly into another final assembly.

• External: Traceability of materials and assemblies during transportation from one assembly location to another, from the
initial manufacture of raw materials to the completion of the end product. This includes coverage of all aspects of storage
and distribution throughout the supply chain.

Figure 1-1 shows a simple path of a typical material in the supply chain

The square processes in Figure 1-1 are manufacture and assembly processes for which internal traceability is applicable, and
the round processes are those being subjected to external traceability. Each arrow indicates some form of change of owner-
ship or responsibility, which is referred to as an external traceability event, for which data are gathered as defined in this
standard. It should be noted that complex paths may be defined, where, for example, materials are split, combined, part-used
or returned to distributor, in any combination, for which each event should be recorded.

From the perspective of the end product, overall traceability consists of the hierarchically linked internal traceability records
for all assemblies, subassemblies and materials thereof, together with the provenance of those materials and subassemblies.

1.1.3 Application of This Standard This standard defines a template which can be used for, but not limited to, the fol-
lowing products:

• Assembled printed boards, electronic products and assemblies, typically comprising SMT components (including discrete
components), through-hole components and base materials (e.g., laminate, glass, resin), as well as the fabrication of the
printed board

• Mechanical assembly of products that may or may not include one or more printed boards

• The transfer of materials and products between sites of original manufacture, distribution and assembly

1.1.4 Sectional Traceability Standards and the Maintenance of This Standard The recommendations in this standard
are based on a top-level table of contents that can be applied to new sectional traceability standards. This is done to ensure
consistency across a potential family of standards and so IPC task groups developing these sectional standards can complete
their projects efficiently and effectively.

Individuals or companies wishing to form a task group to work on a sectional traceability standard, or to improve this exist-
ing standard, should present their case to the IPC 2-19 Supply Chain Traceability and Trust Subcommittee.

1.2 Classification IPC standards recognize that electrical and electronic assemblies are subject to classifications by
intended end-item use. Three general end-product classes have been established to reflect differences in manufacturability,
complexity, functional performance requirements, and verification (inspection/test) frequency. It should be recognized that
there may be overlaps of equipment between classes.

IPC-1782a-1-1

Figure 1-1 Typical Supply-Chain
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CLASS 1 General Electronic Products

Includes products suitable for applications where the major requirement is function of the completed assembly.

CLASS 2 Dedicated Service Electronic Products

Includes products where continued performance and extended life is required, and for which uninterrupted service is desired
but not critical. Typically, the end-use environment would not cause failures.

CLASS 3 High Performance/Harsh Environment Electronic Products

Includes products where continued high performance or performance-on-demand is critical, equipment downtime cannot be
tolerated, end-use environment may be uncommonly harsh, and the equipment must function when required, such as life
support or other critical systems.

1.3 Definition of Requirements The words shall or shall not are used in the text of this document wherever there is a
requirement for materials, preparation, process control or acceptance.

The word ‘‘should’’ reflects recommendations and is used to reflect general industry practices and procedures for guidance
only.

Line drawings and illustrations are depicted herein to assist in the interpretation of the written requirements of this Standard.
The text takes precedence over the figures.

1.4 Order of Precedence The contract shall take precedence over this Standard, referenced standards and drawings.

In the event of conflict, the following order of precedence applies:

1. Procurement as agreed and documented between customer and supplier.

2. Master drawing reflecting the customer’s detailed requirements.

3. When invoked by the customer or per contractual agreement, this standard.

When documents other than this standard are cited, the order of precedence shall be defined in the procurement documents.

The User has the opportunity to specify alternate acceptance criteria.

1.4.1 Conflict In the event of conflict between the requirements of this standard and the applicable drawing(s) and docu-
mentation, the applicable user-approved drawing(s) and documentation govern.

Some examples of documentation include the contract, purchase order, technical data package, engineering specification or
performance specification. In the event of a conflict between the text of this standard and the applicable documents cited
herein, the text of this standard takes precedence. In the event of conflict between the requirements of this standard and
drawing(s) and documentation that has not been user approved, this standard governs.

1.4.2 Clause References When a clause in this document is referenced its subordinate clauses apply unless the require-
ment references specific subordinate clauses.

1.4.3 Appendices Appendices to this standard are not binding requirements unless separately and specifically required by
this standard, the applicable contracts, assembly drawing(s), documentation or purchase orders.

1.5 Abbreviations and Acronyms Periodic table elements are abbreviated in the standard. See Appendix A for full spell-
ings of abbreviations (including elements) and acronyms used in this standard.

1.6 Terms and Definitions Other than those terms listed in 1.6.1 through 1.6.32, the definitions of terms used in this stan-
dard are in accordance with IPC-T-50.

1.6.1 As Agreed Between User and Supplier (AABUS) Indicates additional or alternate requirements that shall be nego-
tiated between the user and the supplier in the procurement documentation. Examples include contractual requirements,
modifications to purchase documentation and information on the drawing. Agreements can be used to define test methods,
conditions, frequencies, categories or acceptance criteria within a test, if they are not already established.

1.6.2 Authorized Supplier A supplier that is authorized by the original component manufacturer to buy parts or materi-
als directly from the manufacturer. Parts provided from authorized suppliers typically have never left the manufacturer’s
authorized supply chain and are accompanied by full manufacturer support and warranty. Authorized suppliers are generally
referred to as authorized or franchised distributors. They can also be an entity that provides a product or service (typically
an OEM or authorized distributor).
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1.6.3 Automated Data Collection / Data-Gathering Automation Data collected using a computer, machine, etc., rather
than a manual (e.g., human intervention) process.

1.6.4 Batch Code A unique combination of letters and/or numbers that are stamped or written on labels or packaging
materials. This code uniquely identifies a batch and permits the tracing and review of all stages of production history.

1.6.5 Cell A dataset pertaining to a specific defined set of information.

1.6.6 Cell Structure An architecture for data collection using cells.

1.6.7 Common Materials Materials identified by a part number but which do not have individual serial numbers.

1.6.8 Component A unit item of material, unless otherwise identified as SMT, through-hole or other assembly part.

1.6.9 Dashboard An information management tool used to track key performance indicators (KPIs), metrics and other key
data points relevant to a business, department or specific process. Through the use of data visualizations, dashboards sim-
plify complex data sets to provide users with at-a-glance awareness of current performance.

1.6.10 Data Integrity Maintaining and ensuring accuracy and consistency of data over the data’s entire lifecycle. Data
integrity is a critical aspect to the design, implementation and usage of any system which stores, processes or retrieves data.

1.6.11 Date Code A code representing the date of manufacture in the format DDMMYYYY, YYWW or ISO 8601.

1.6.12 Lot Number An identification number assigned to a particular quantity or lot of material from a single manufac-
turer.

1.6.13 Manual Data Management Computer data that are manually inserted with the aid of a data-entry device, such as
a keyboard, light pen, mouse, etc.

1.6.14 Material Traceability The ability to verify the history, location or application of an item by means of documented
recorded identification. History, as used in this definition, is the chronological recording of all critical events where the
material/product can be physically transformed or where the change in custody occurs between supply chain parties.

1.6.15 Materials All physical and nonphysical items which are combined together to create a final assembly.

1.6.16 Mechanical Assembly The process of assembling components and parts on an assembly line.

1.6.17 Process Identification (ID) A number, title or name representing a specific production process.

1.6.18 Process Traceability The ability to verify the history, location, operations or application of a process by means of
documented recorded identification. History, as used in this definition, is the chronological recording of all critical events
where the material/product can be physically transformed or where the change in custody occurs between supply chain
parties.

1.6.19 Product Build Records Records demonstrating steps taken and operations used to build a product.

1.6.20 Production Lot Definite quantity of an item produced under uniform conditions and passing as a unit through the
same series of operations.

1.6.21 Raw Materials Materials that do not have associated process information or details of constituent (ingredient)
materials.

1.6.22 Risk A combination of consequences of a negative occurrence(s) and the likelihood of such an event(s) happening.

1.6.23 Risk Analysis The process of defining and analyzing the resulting effects on individuals, property, the environment,
businesses, brands, etc., in the event of a failure of a product or any of its parts to meet its/their intended or expected
purpose.

1.6.24 Risk Assessment The overall process of risk identification, analysis and evaluation.
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1.6.25 Risk Management Coordinated activities within an organization to direct that organization and its employees to
utilize best practices and procedures to try to minimize the potential for failure of an organization’s products and services
and the repercussions because of them.

1.6.26 Serial Number A consecutive identifier of an individual unit of identical units.

1.6.27 Serialization The assignment of a unique, traceable number to each manufactured product.

1.6.28 Subassembly An assembled unit that forms a component within a larger assembly.

1.6.29 Traceability1 An unbroken record of documentation of materials and processes.

1.6.30 Unique Assembly ID A unique, usually serialized code or number that is associated with a specific production
assembly (i.e., on a barcode label).

1.6.31 Unique Materials Materials that have a part number and a unique serial number assigned to each individual com-
ponent.

1.6.32 Work-Order A unique combination of letters and/or numbers printed, stamped or written on labels or travelers
which uniquely identifies an order and also permits the tracing and review of all stages of production history.

2 APPLICABLE DOCUMENTS

The following documents of the issue currently in effect, form a part of this guide to the extent specified herein.

2.1 IPC2

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

IPC-2591 Connected Factory Exchange (CFX)

IPC-6012 Qualification and Performance Specification for Rigid Printed Boards

2.2 Joint Industry Standards3

J-STD-001 Requirements for Soldered Electrical and Electronic Assemblies

IPC/JEDEC J-STD-020 Moisture/Reflow Sensitivity Classification for Plastic Integrated Circuit Surface Mount Devices

IPC/JEDEC J-STD-033 Standard for Handling, Packing, Shipping and Use of Moisture Sensitive Surface Mount Devices

2.3 Electrostatic Discharge Association (ESD)4

ANSI/ESD S20.20 Protection Of Electrical And Electronic Parts, Assemblies And Equipment (Excluding Electrically Initi-
ated Explosive Devices)

ANSI/ESD S541 ESD Association Standard for the Protection of Electrostatic Discharge Susceptible Items – Packaging
Materials

2.4 International Organization for Standardization (ISO)5

ISO 8601 Date and Time

2.5 JEDEC6

JEP30 Part Model Guidelines

JESD 471 Symbol and Label for Electrostatic Sensitive Device

1. Other industry standards (e.g., SAE counterfeit part standards) and government regulations may use different definitions for traceability.
2. www.ipc.org
3. www.ipc.org
4. https://www.esda.org/
5. www.iso.org
6. www.jedec.org
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