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The Principles of In May 1995 the IPC’s Technical Activities Executive Committee (TAEC) 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 e Inhibit innovation
(DFM) and Design for the Environment (DFE) * Increase time-to-market
* 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 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 It is the position of IPC’s Technical Activities Executive Committee that the use and implementation
Statement on of IPC publications is voluntary and is part of a relationship entered into by customer and supplier.
Specification When an IPC publication is updated and a new revision is published, it is the opinion of the TAEC
Revision Change 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 Your purchase of this document contributes to the ongoing development of new and updated indus-
a charge for try standards and publications. Standards allow manufacturers, customers, and suppliers to under-
this document? stand 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 847/597-2872.
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In-Process DPMO and Estimated Yield for PCAs

1 OVERVIEW

1.1 Scope This document defines standard methodolo-
gies for calculating defects per million opportunities
(DPMO) metrics related to electronic printed board assem-
bly processes. It is intended for use in measuring in-process
assembly steps rather than end product determination. Cal-
culation of completed item DPMO is addressed in IPC-
7912.

Additionally, a guide to defect categorization is provided
that when used with J-STD-001 and IPC-A-610 can serve
as a base for summarizing and reporting in-process defects.

Note: This document does not dictate the number of
assemblies or data points needed to calculate DPMO met-
rics.

1.2 Purpose The purpose of this document is to define
consistent methodologies for computation of in-process
DPMO metrics for any defect evaluation stage in the
assembly process.

This objective anticipates the following conditions in
defect reporting and analysis:

* To facilitate process improvement, defects discovered at
any stated inspection or test point should be assigned to
their appropriate process step.

 All defects shall be reported at the inspection point they
are found, even though one undetected previous defect
may have caused the subsequent defects.

* Regardless of how these defects are assigned, the defect
must be attributed to either a component, placement, ter-
mination or assembly defect.

* The assumption is that each printed board assembly that
is inspected will be 100% inspected for all defects.

* The assumption of 100% inspection efficiency is made.
Care should be exercised when comparing processes
using manual inspection to those using automated vision
inspection.

* When using a sampling inspection plan, the number of
PCAs inspected determines the opportunity count, not
‘the number processed.

13 Terms and Definitions

1:‘.{3.1 DPMO (Defects per Million Opportunities) DPMO
is defined as the total number of defects divided by the
total number of opportunities for a defect multiplied by
1,000,000. It is not strictly equivalent to “PPM” as the
definition of ‘“‘opportunities” has special meaning when
considering electronic assembly processes.

1.3.2 DPU (Defects per Unit) DPU is defined as the
average number of defects per PCA.

1.3.3 Process Step Estimated Yield The expected per-
centage of assemblies with no defects for a particular pro-
cess step or combined process steps, based on historical
defect rates.

1.3.4 Component Opportunities (0o,) The term “compo-
nent” is defined as each device or piece of hardware that
may be assembled onto a printed wire board (PWB). Sol-
der, glue dots, and other similar materials are not to be
included in this DPMO calculation. The PWB is considered
to be one component.

The total opportunity count for each ‘“‘component” is one.
An electronic component with multiple leads still counts as
one. Processes, such as conformal coating and cleaning
operations, do not add component opportunity counts.
These are captured in one assembly opportunity. The fin-
ished PCA is not an opportunity.

1.3.5 Component Defect (d.) A component defect is
damage to a component exceeding the limits of the compo-
nent specification, or those described in J-STD-001, and/or
damage that results in nonusability of that component.
Component defects include both visible and nonvisible
defects (physical/electrical). Example: A component could
be both dimensionally incorrect and have major surface
flaws, however, this results in a defect count of one.

s

1.3.6 Placement Opportunity (o,) The term ““placement
refers to the proper placement of components based on the
bill of materials. The PWB does not have a placement
opportunity. The total opportunity count for each placed
component is one.

1.3.7 Placement Defect (d,) A placement defect is any
component presence and/or positioning error that has
occurred during an assembly operation that violates the
dimensional criteria specified for that component in J-STD-
001 or IPC-A-610. Example: Exceeding maximum side or
toe overhang. Even though a component may have more
than one placement defect, any one or combination of mul-
tiple placement defects on any single component has a
maximum defect count of one for that placement.

1.3.8 Termination Opportunity (o) The term ‘“‘termina-
tion™ is defined as any hole, land or other surface (such as
component to component attachment) to which a compo-
nent is electrically terminated. It also includes any terminal

onto which a wire is electrically attacnocuments

———Bocmirerni—ﬁfrarh?Hub

Licensee=Sandia National Lab/5932237100, User=sam, albert
Not for Resale, 05/28/2014 10:57:07 MDT

Copyright IPC-Association Connecting Electronics Industries
Provided by IHS under license with IPC
No reproduction or networking permitted without license from IHS

Full document details: IPC 9261A 2006


http://www.avadocuments.com/doc/ipc-9261a-2006
http://www.avadocuments.com/doc/ipc-9261a-2006

IPC-9261A

October 2006

The total opportunity count for each ‘“‘termination” is one;
e.g., a 208 lead component has 208 opportunities. A wire
typically has one termination at each end for a total of two
opportunities. Note that if a single component termination
connects to multiple lands on the PWB (i.e., split pad or
shield) then only the terminations of the component count,
not the number of lands. In this case only one termination
opportunity would count. In the event of a defect to either
one or both of the split pads, the maximum count of defects
would be one.

1.3.9 Termination Defect (d) A termination defect is
any electrically joined termination that violates the require-
ments specified in J-STD-001.

A single connection may exhibit more than one defect,
however any one or combination of multiple termination
defects on any single termination will have a maximum
defect count of one. If two terminations are shorted by one
solder bridge, each termination is counted as a defect.

Example: An IPC Class 2 “L” lead may exhibit both
insufficient heel solder and insufficient side joint length,
however one defect is counted.

1.3.10 Assembly Opportunity (0,) An assembly opportu-
nity is an overall opportunity for a defect that is not cap-
tured within termination, component and placement oppor-
tunity categorization (reference Appendix A). Examples of
processes that provide such opportunities are conformal
coating and cleaning. Whether considering one or multiple
processes, each PCA has only one assembly opportunity.

1.3.11 Assembly Defect (d,) An assembly defect is a
defect that applies once to a PCA. Examples would be sol-
der balls or a board flooded in the wave. Each assembly
defect should be logged at the process step where the
defect is found. It is recognized that the total number of
assembly defects for a series of processes may exceed the
number of opportunities in extreme cases. This result is
expected (more than one assembly defect per assembly, on
average) and would impact a combined DPMO including
the result. The intent of this document is not to rely on such
combined metrics.

2 APPLICABLE DOCUMENTS
IPC A-610 Acceptability of Electronic Assemblies

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

IPC-7912 Calculation of DPMO and Manufacturing Indi-
ces for Printed Board Assemblies

3 CALCULATION OF IN-PROCESS METRICS
The DPMO metric is calculated according to the following

Equation 3-1:
DPMO, = [d /o] x 10°

Where the subscript x refers to a defect category, as fol-
lows:

p = placement defect or opportunity

t = termination defect or opportunity

¢ = component defect or opportunity

a = assembly defect or opportunity

The DPMO of the unique process steps may be combined
according to the following procedure:

Equation 3-2:
DPMO,,,pined = [[Zd,+2d,....+2d,]/[Z0,+%0,....+%0,]] X 10°

Subscript 1 through n denotes the n™ process step.

Combining DPMO for processes with different defect cat-
egories (e.g., placement, termination) may result in a mis-
leading figure.

The formulas presented herein can be used in a variety of
ways to investigate PCA assembly performance. For
example, one can investigate the performance of a particu-
lar component type by excluding all other component types
from the calculation.

3.1 Calculation of In-Process Metrics - Assumptions
The following lists assumptions for calculation of
in-process metrics:

1. All defects must be logged if multiple defects occur
across a PCA at a particular process step.

2. A defect logged in one category is not to be logged in
another category. For example, a PCA that experiences
catastrophic failure (flooded in the wave solder opera-
tion) would be logged as one assembly defect but would
not be logged for any other defects (not termination
defects in this example).

3. There are no longer opportunities and defects in subse-
quent process steps once an assembly is scrapped.

4. Rounding of intermediate results is not preferred. If
rounding is necessary, at least four significant digits
should be retained to ensure accuracy of combined
results.

5. Appendix A provides a base listing of the defects. Other
defects or process indicators may be added as necessary.

3.2 Calculation Examples Figure 3-1 is a hypothetical
process that will be used to illustrate In-Process DPMO
calculations. Table 3-1 represents the bill of material for
that hypothetical board, and there are 100 PWBs at start of
the processes.

The following example shows combined DPMO (via Equa-
tion 3-2) only for defect classifications, however the user
may elect to calculate DPMO for any combination of pro-

cesses desired. This document is intended aD@ﬁumentS
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