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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.

©Copyright 2020. IPC International, Bannockburn, Illinois, USA. All rights reserved under both international and Pan-American copyright con-
ventions. 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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Developed by the IPC-A-610 Task Group (7-31b), IPC-A-610 Task
Group – Europe (7-31b-EU) and IPC-A-610 Task Group – China
(7-31b-CN) of the Product Assurance Committee (7-30) of IPC

Users of this publication are encouraged to participate in the

development of future revisions.

Contact:
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IPC-A-610G - October 2017
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IPC-A610

ADOPTION NOTICE

IPC-A610, "Acceptability of Electronic Assemblies", was adopted
on 12-FEB-02 for use by the Department of Defense (DoD). 
Proposed changes by DoD activities must be submitted to the DoD
Adopting Activity: Commander, US Army Tank-Automotive and
Armaments Command, ATTN:  AMSTA-TR-E/IE, Warren, MI  48397-5000. 
Copies of this document may be purchased from the The Institute
for Interconnecting and Packaging Electronic Circuits, 2215
Sanders Rd, Suite 200 South, Northbrook,  IL  60062. 
http://www.ipc.org/___________________

Custodians: Adopting Activity:
Army - AT
(Project SOLD-0060)

Army - AT
Navy - AS
Air Force - 11

Reviewer Activities:
Army - AV, MI

AREA SOLD

DISTRIBUTION STATEMENT A: Approved for public release; distribution
is unlimited.
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Any document involving a complex technology draws material from a vast number of sources across many continents. While the
principal members of the IPC-A-610 Task Group (7-31b), IPC-A-610 Task Group – Europe (7-31b-EU) and IPC-A-610 Task
Group – China (7-31b-CN) of the Product Assurance Committee (7-30) are shown below, it is not possible to include all of those
who assisted in the evolution of this Standard. To each of them, the members of IPC extend their gratitude.
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IPC-AJ-820 is a supporting document that provides information regarding the intent of this specification content and explains or
amplifies the technical rationale for transition of limits through Acceptable to Defect condition criteria. In addition, supporting infor-
mation is provided to give a broader understanding of the process considerations that are related to performance but not com-
monly distinguishable through visual assessment methods.

The explanations provided in IPC-AJ-820 should be useful in determining disposition of conditions identified as Defect, processes
associated with Process Indicators, as well as answering questions regarding clarification in use and application for defined con-
tent of this specification. Contractual reference to IPC-A-610 does not additionally impose the content of IPC-AJ-820 unless
specifically referenced in contractual documentation.

1.2 Purpose The visual standards in this document reflect the requirements of existing IPC and other applicable specifications.
For the content of this document to apply, the assembly/product should comply with other existing IPC requirements, such as

Document Purpose Spec.# Definition

Design Standard IPC-2220-FAM
IPC-7351
IPC-CM-770

Design requirements reflecting three levels of complexity (Levels A, B, and C) indicat-
ing finer geometries, greater densities, more process steps to produce the product.
Component and Assembly Process Guidelines to assist in the design of the bare
board and the assembly where the bare board processes concentrate on land pat-
terns for surface mount and the assembly concentrates on surface mount and
through-hole principles which are usually incorporated into the design process and
the documentation.

Printed Board –
Requirements

IPC-6010-FAM
IPC-A-600

Requirements and acceptance documentation for rigid, rigid flex, flex and other types
of substrates.

End Item Documentation IPC-D-325 Documentation depicting bare board or assembly requirements. Details may or may
not reference industry specifications or workmanship standards as well as the User’s
own preferences or internal standard requirements.

Process Requirement
Standard

J-STD-001 Requirements for soldered electrical and electronic assemblies depicting minimum
end product acceptable characteristics as well as methods for evaluation (test meth-
ods), frequency of testing and applicable ability of process control requirements.

Acceptability Standard IPC-A-610 Pictorial interpretive document indicating various characteristics of the board and/or
assembly as appropriate relating to desirable conditions that exceed the minimum
acceptable characteristics indicated by the end item performance standard and
reflect various out-of-control (process indicator or defect) conditions to assist the
shop process evaluators in judging need for corrective action.

Training Programs
(Optional)

Documented training for process, procedures, techniques, and requirements.

Rework and Repair IPC-7711/7721 Documentation providing the procedures to accomplish conformal coating and com-
ponent removal and replacement, solder resist repair, and modification/repair of lami-
nate material, conductors, and plated through-holes.

1 Acceptability of Electronic Assemblies

1 General

1.1 Scope This standard is a collection of visual quality acceptability requirements for electronic assemblies. This standard does 
not provide criteria for cross-section evaluation.

This document presents acceptance requirements for the manufacture of electrical and electronic assemblies. Historically, elec-
tronic assembly standards contained a more comprehensive tutorial addressing principles and techniques. For a more complete 
understanding of this document’s recommendations and requirements, one may use this document in conjunction with 
IPC-HDBK-001, IPC-AJ-820 and J-STD-001.

The criteria in this standard are not intended to define processes to accomplish assembly operations nor is it intended to autho-
rize repair/modification or change of the product. For instance, the presence of criteria for adhesive bonding of components does 
not imply/authorize/require the use of adhesive bonding and the depiction of a lead wrapped clockwise around a terminal does 
not imply/authorize/require that all leads/wires be wrapped in the clockwise direction.

Users of this standard should be knowledgeable of the applicable requirements of the document and how to apply them, see 
1.3 Classification.

IPC-A-610 has criteria outside the scope of J-STD-001 defining mechanical and other workmanship requirements. Table 1-1 is a 
summary of related documents.

Table_1-1 Summary of Related Documents
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IPC-7351, IPC-2220-FAM, IPC-6010-FAM and IPC-A-600. If the assembly does not comply with these or with equivalent require-
ments, the acceptance criteria shall be defined between the User and Supplier.

The illustrations in this document portray specific points noted in the title of each page. A brief description follows each illustration.
It is not the intent of this document to exclude any acceptable procedure, such as for component placement or for applying flux
and solder used to make the electrical connection, however, the methods used shall produce completed solder connections
conforming to the acceptability requirements described in this document.

In the case of a discrepancy, the description or written criteria always takes precedence over the illustrations.

Standards may be updated at any time, including with the use of amendments. The use of an amendment or newer revision is not
automatically required.

1.3 Classification The User has the ultimate responsibility for identifying the class to which the assembly is evaluated. If the
User does not establish and document the acceptance class, the Manufacturer may do so.

Criteria defined in this document reflect three classes, which are as follows:

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 Electronic Products

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

1.4 Measurement Units and Applications This standard uses International System of Units (SI) units per ASTM SI10, IEEE/
ASTM SI 10, Section 3 [Imperial English equivalent units are in brackets for convenience]. The SI units used in this standard are
millimeters (mm) [in] for dimensions and dimensional tolerances, Celsius (°C) [°F] for temperature and temperature tolerances,
grams (g) [oz] for weight, and lux (lx) [footcandles] for illuminance.

Note: This standard uses other SI prefixes to eliminate leading zeroes (for example, 0.0012 mm becomes 1.2 µm) or as alterna-
tive to powers-of-ten (3.6 x 103 mm becomes 3.6 m).

1.4.1 Verification of Dimensions Actual measurement of specific part mounting and solder fillet dimensions and determina-
tion of percentages are not required except for referee purposes. For determining conformance to the specifications in this stan-
dard, round all observed or calculated values ‘‘to the nearest unit’’ in the last right-hand digit used in expressing the specification
limit, in accordance with the rounding method of ASTM E29. For example, specifications of 2.5 mm max, 2.50 mm max, or
2.500 mm max, round the measured value to the nearest 0.1 mm, 0.01 mm, or 0.001 mm, respectively, and then compare to the
specification number cited.

1.5 Definition of Requirements This document provides acceptance criteria for completed electronic assemblies. Where a
requirement is presented that cannot be defined by the acceptable, process indicator, and defect conditions, the word ‘‘shall’’ is
used to identify the requirement. Unless otherwise specified herein, the word ‘‘shall’’ in this document invokes a requirement for
Manufacturers of all classes of product, and failure to comply with the requirement is a noncompliance to this standard.

Many of the examples (illustrations) shown are grossly exaggerated in order to depict the reason for the acceptance criteria.

It is necessary that users of this standard pay particular attention to the subject of each section to avoid misinterpretation.
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1 General (cont.)

1-2 IPC-A-610HSeptember 2020

Full document details: IPC A-610H-2020

http://www.avadocuments.com/doc/ipc-a-610h-2020
http://www.avadocuments.com/doc/ipc-a-610h-2020


1.5.1 Acceptance Criteria Criteria are given for each class in three conditions: Acceptable, Defect or Process Indicator. ‘‘Not
Established’’ means that there are no specified criteria for that class and may need to be established between Manufacturer and
User.

1.5.1.1 Acceptable Condition This characteristic indicates a condition that, while not necessarily perfect, will maintain the
integrity and reliability of the assembly in its service environment.

1.5.1.2 Defect Condition A defect is a condition that may be insufficient to ensure the form, fit or function of the assembly in
its end use environment. Defect conditions shall be dispositioned by the Manufacturer based on design, service, and User
requirements.

It is the responsibility of the User to define unique defect categories applicable to the product.

A defect for Class 1 automatically implies a defect for Class 2 and 3. A defect for Class 2 implies a defect for Class 3.

Note: This would not be the case where criteria for a particular class have not been established.

1.5.1.2.1 Disposition The determination of how defects should be treated. Dispositions include, but are not limited to, rework,
use as is, scrap or repair. Repair or ‘‘use as is’’ may require User concurrence.

1.5.1.3 Process Indicator Condition A process indicator is a condition (not a defect) that identifies a characteristic that does
not affect the form, fit or function of a product:

• Such condition is a result of material, design and/or operator/machine related causes that create a condition that neither fully
meets the acceptance criteria nor is a defect.

• Process indicators should be monitored as part of the process control system. When the number of process indicators indicate
abnormal variation in the process or identify an undesirable trend, then the process should be analyzed. This may result in action
to reduce the variation and improve yields.

• Disposition of individual process indicators is not required.

1.5.1.4 Combined Conditions Cumulative conditions shall be considered in addition to the individual characteristics for prod-
uct acceptability even though they are not individually considered defective. The significant number of combinations that could
occur does not allow full definition in the content and scope of this specification but Manufacturers should be vigilant for the pos-
sibility of combined and cumulative conditions and their impact upon product performance.

Conditions of acceptability provided in this specification are individually defined and created with separate consideration for their
impact upon reliable operation for the defined production classification. Where related conditions can be combined, the cumula-
tive performance impact for the product may be significant, e.g., minimum solder fillet quantity when combined with maximum side
overhang and minimum end overlap may cause a significant degradation of the mechanical attachment integrity. The Manufac-
turer is responsible for identification of such conditions.

The User is responsible to identify combined conditions where there is significant concern based upon end use environment and
product performance requirements.

1.5.1.5 Conditions Not Specified Conditions that are not specified as defective or as a process indicator may be considered
acceptable unless it can be established that the condition affects user defined form, fit or function.

1.5.1.6 Specialized Designs IPC-A-610, as an industry consensus document, cannot address all of the possible components
and product design combinations. Where uncommon or specialized technologies are used, it may be necessary to develop unique
acceptance criteria. However, where similar characteristics exist, this document may provide guidance for product acceptance
criteria. Often, unique definition is necessary to consider the specialized characteristics while considering product performance
criteria. The development should include User involvement or consent. For Classes 2 and 3 the criteria shall include agreed defi-
nition of product acceptance.

Whenever possible these criteria should be submitted to the IPC Technical Committee to be considered for inclusion in upcom-
ing revisions of this standard.
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1.5.1.7 Should The word ‘‘should’’ reflects recommendations and is used to reflect general industry practices and procedures
for guidance only.

1.6 Process Control Methodologies Process control methodologies should be used in the planning, implementation and
evaluation of the manufacturing processes used to produce soldered electrical and electronic assemblies. The philosophy, imple-
mentation strategies, tools and techniques may be applied in different sequences depending on the specific company, operation,
or variable under consideration to relate process control and capability to end product requirements. The Manufacturer should
maintain objective evidence of a current process control/continuous improvement plan that is available for review.

1.7 Order of Precedence When IPC-A-610 is cited or required by contract as a stand-alone document for inspection and/or
acceptance, the requirements of J-STD-001 do not apply unless separately and specifically required.

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

1. Procurement as agreed and documented between Manufacturer and User.
2. Master drawing or master assembly drawing reflecting the User’s detailed requirements.
3. When invoked by the User or per contractual agreement, IPC-A-610.

When documents other than IPC-A-610 are cited, the order of precedence should be defined in the procurement documents. The
User has the opportunity to specify alternate acceptance criteria.

1.7.1 Clause References When a clause in this document is referenced, its subordinate clauses also apply.

1.7.2 Appendices Appendices to this standard are not binding requirements unless separately and specifically required by the
applicable contracts, engineering documentation or purchase orders.

1.8 Terms and Definitions

1.8.1 Board Orientation The following terms are used throughout this document to determine the board side. The source/
destination side shall be considered when applying some criteria, such as that in Tables 7-4, 7-5 and 7-7.

1.8.1.1 Primary Side The side of a packaging and interconnecting structure that is so defined on the master drawing. (It is
usually the side that contains the most complex or the most number of components.) (This side is sometimes referred to as the
component side or solder destination side in through-hole mounting technology.)

1.8.1.2 Secondary Side That side of a packaging and interconnecting structure that is opposite the primary side. (This side is
sometimes referred to as the solder side or solder source side in through-hole mounting technology.)

1.8.1.3 Solder Source Side The solder source side is that side of the printed board to which solder is applied. The solder
source side is normally the secondary side of the printed board when wave, dip, or drag soldering are used. The solder source
side may be the primary side of the printed board when hand soldering operations are conducted.

1.8.1.4 Solder Destination Side The solder destination side is that side of the printed board that the solder flows toward in a
through-hole application. The destination is normally the primary side of the printed board when wave, dip or drag soldering is
used. The destination side may be the secondary side of the printed board when hand-soldering operations are conducted.

1.8.2 Cold Solder Connection A solder connection that exhibits poor wetting, and that is characterized by a grayish porous
appearance. (This is due to excessive impurities in the solder, inadequate cleaning prior to soldering, and/or the insufficient appli-
cation of heat during the soldering process.)

1.8.3 Common Conductors Electrical conductors, e.g., contacts, printed conductors / traces, surfaces, terminals, wires, etc.,
that, by design, carry an identical electrical current, frequency, polarity, and/or potential (voltage), or that by design have identical
or redundant electrical functions, e.g., signal, status, etc.
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1.8.4 Diameter

• Conductor Diameter The conductor diameter is the outside diameter of wire, either stranded or solid, without the insulation.

• Wire Diameter Wire diameter is the outside diameter of wire, either stranded or solid, including insulation if present.

• Strand Diameter The strand diameter is the outside diameter of the individual metal filament used within a stranded wire.

1.8.5 Electrical Clearance Throughout this document the minimum spacing between noncommon uninsulated conductors,
e.g., patterns, materials, hardware, or residue, is referred to as ‘‘minimum electrical clearance.’’ It is defined in the applicable
design standard or on the approved or controlled documentation. In the absence of a known design standard use Appendix A
(derived from IPC-2221). Any violation of minimum electrical clearance is a defect condition for all classes.

1.8.6 Engineering Documentation Drawings, specifications, technical illustrations, and other documents, prepared and
released by the design activity in any form of media, that establish the design and design requirements.

1.8.7 FOD (Foreign Object Debris) A generic term for a substance, debris, particulate matter or article alien to the assembly
or system.

1.8.8 Form, Fit, Function (F/F/F) An identifying characteristic, e.g., a part, solder connection, sub-assembly, or assembly, that,
if not met, would adversely impact installation, reliability or operation of adjacent parts, a next level assembly, or an integrated
assembly or system.

1.8.9 High Voltage The term ‘‘high voltage’’ will vary by design and application. The high voltage criteria in this document are
only applicable when specifically required in the drawings/procurement documentation.

1.8.10 Intrusive Solder A process in which the solder paste for the through-hole components is applied using a stencil or
syringe to accommodate through-hole components that are inserted and reflow-soldered together with the surface-mount com-
ponents.

1.8.11 Kink A tight or abrupt bend in a wire or component lead that visibly reduces the diameter (or thickness) of the conduc-
tor, and cannot be removed by straightening.

1.8.12 Locking Mechanism A method of preventing loosening or disconnection of a mated part, e.g., a fastener or connec-
tor, either by use of a device integral to the part, e.g., a polymer insert, a design feature, e.g., a spring clip, latch, twist detent, or
push-pull, or an additive material, e.g., threadlocking adhesive, safety wire.

1.8.13 Manufacturer The individual, organization, or company responsible for the assembly process and verification operations
necessary to ensure full compliance of assemblies to this standard.

1.8.14 Meniscus (Component) Sealant or encapsulant on a lead, protruding from the seating plane of the component. This
includes materials such as ceramic, epoxy or other composites, and flash from molded components.

1.8.15 Noncommon Conductors Electrical conductors, e.g., contacts, printed conductors / traces, surfaces, terminals, wires,
etc., that, by design, carry different electrical currents, frequencies, polarities, and/or potentials (voltages), or that by design have
different electrical functions, e.g., signal, status, etc.

From a visual inspection standpoint, it is difficult for an inspector to determine if two or more adjacent conductors are electrically
common unless either the start or end point (termination) of each conductor is visually accessible. For this reason, ALL adjacent
conductors should be treated as noncommon until identified otherwise by engineering documentation.

1.8.16 Nonfunctional Land A land that is not connected electrically to the conductive pattern on its layer.

1.8.17 Pin-in-Paste See 1.8.10 Intrusive Solder
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1.8.18 Solder Balls Solder balls are spheres of solder that remain after the soldering process. This includes small balls of sol-
der paste that have splattered around the connection during the reflow process.

1.8.19 Standard Industry Practice (SIP) A commonly-used engineering design solution, manufacturing process / procedure,
or assembly technique that has been accepted by industry as superior to other alternative(s), because repeated use has been
demonstrated to produce a repeatable and common end result. Also referred to as ‘‘Industry Standard Practice (ISP)’’.

1.8.20 Stress Relief Slack in a component lead or wire that is formed in such a way as to minimize mechanical stresses.

1.8.21 Supplier The individual, organization or company which provides the Manufacturer (assembler) components (electronic,
electromechanical, mechanical, printed boards, etc.) and/or materials (solder, flux, cleaning agents, etc.).

1.8.22 Tempered Leads Component terminations or pins heat treated to increase hardness, or incorporating hard, brittle
plating layers.

1.8.23 Wire Overlap A wire/lead that is wrapped more than 360° and crosses over itself, i.e., does not remain in contact with
the terminal post, Figure 6-57B.

1.8.24 Wire Overwrap A wire/lead that is wrapped more than 360° and remains in contact with the terminal post,
Figure 6-57A.

1.8.25 User The individual, organization, company, contractually designated authority, or agency responsible for the procure-
ment or design of electrical/electronic hardware, and having the authority to define the class of equipment and any variation or
restrictions to the requirements of this standard, i.e., the originator/custodian of the contract detailing these requirements.

1.9 Requirements Flowdown When this standard is contractually required, the applicable requirements of this standard
(including Product Class, see 1.3 Classification) shall be imposed on all applicable subcontracts, assembly drawing(s), documen-
tation and purchase orders. Unless otherwise specified the requirements of this standard are not imposed on the procurement of
commercial- off-the-shelf (COTS or catalog) assemblies or subassemblies.

When a part is adequately defined by a specification, then the requirements of this standard should be imposed on the Manufac-
turer of that part only when necessary to meet end-item requirements. When it is unclear where flowdown should stop, it is the
responsibility of the Manufacturer to establish that determination with the User.

When an assembly, e.g., daughterboard, is procured, that assembly should meet the requirements of this standard. The connec-
tions from the procured assembly to the manufactured assembly shall meet the requirements of this standard. If the assembly is
manufactured by the same Manufacturer, the solder requirements are as stated in the contract for the entire assembly.

The design and workmanship of COTS items should be evaluated and modified as required to ensure the end-item meets con-
tract performance requirements. Modifications shall meet the applicable requirements of this standard.

1.10 Personnel Proficiency All instructors, operators, and inspection personnel shall be proficient in the tasks to be per-
formed. Objective evidence of that proficiency shall be maintained and available for review. Objective evidence should include
records of training to the applicable job functions being performed, work experience, testing to the requirements of this standard,
and/or results of periodic reviews of proficiency. Supervised on-the-job training is acceptable until proficiency is demonstrated.

1.11 Acceptance Requirements All products shall meet the requirements of the contracts, engineering documentation,
applicable standards, and the requirements for the applicable Product Class specified herein.

1.11.1 Missing Parts and Components Missing parts and components shall be a defect for all Product Classes.

1.12 Inspection Methodology Accept and/or reject decisions shall be based on applicable documentation such as contract,
drawings, specifications and referenced documents.

1 Acceptability of Electronic Assemblies

1 General (cont.)
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The use of any non-visual inspection methods, other than those already detailed in 8.3.12 Surface Mount Assemblies – Surface
Mount Area Array and 8.3.13 Surface Mount Assemblies – Bottom Termination Components (BTC) are not specifically covered by
this standard and shall be used as agreed between Manufacturer and User.

The inspector does not select the class for the assembly under inspection, see 1.3 Classification. Documentation that specifies
the applicable class for the assembly under inspection shall be provided to the inspector.

Automated Inspection, e.g., AOI, AXI, is a viable support to visual inspection and complements automated test equipment. Many
characteristics in this document can be inspected with an automated system.

If the customer desires the use of industry standard requirements for frequency of inspection and acceptance, J-STD-001 is rec-
ommended for further soldering requirement details.

1.12.1 Lighting Lighting shall be adequate for the feature being inspected.

Illumination at the surface of workstations should be at least 1000 lux [approximately 93 foot-candles]. Light sources should be
selected to prevent shadows.

Note: In selecting a light source, the color temperature of the light is an important consideration. Light ranges from 3000-5000 K
enable users to distinguish conditions and colors of various printed board features and contaminates with increased clarity.

1.12.2 Magnification Aids For visual inspection, some individual specifications may call for magnification aids for examining
printed board assemblies.

The tolerance for magnification aids is ± 15% of the selected magnification power. Magnification aids, if used for inspection, shall
be appropriate with the item by the being inspected. Unless magnification requirements are otherwise specified by contractual
documentation, the magnifications in Tables 1-2, 1-3, and 1-4 are determined by the feature being inspected.

If the presence of a defect cannot be determined at the appropriate magnification power defined in Tables 1-2, 1-3, or 1-4, the
item is acceptable. The referee magnification power is intended for use only after a defect has been determined but is not com-
pletely identifiable at the inspection power.

For assemblies with mixed land sizes, the greater magnification power may be used for the entire assembly. For assemblies with
mixed wire sizes, the greater magnification power may be used.

Table 1-2 Inspection Magnification (Land Width)

Land Widths or Land Diameters1

Magnification Power

Inspection Range Maximum Referee

> 1 mm [0.04 in] 1.5X to 3X 4X

> 0.5 to ≤ 1 mm [0.02 to 0.04 in] 3X to 7.5X 10X

≥ 0.25 to ≤ 0.5 mm [0.01 to 0.02 in] 7.5X to 10X 20X

< 0.25 mm [0.01 in] 20X 40X
Note 1. A portion of a conductive pattern used for the connection and/or attachment of components.

1 Acceptability of Electronic Assemblies

1 General (cont.)
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Table 1-3 Magnification Aid Applications For Wires And Wire Connections

Wire Size AWG Diameter mm [inch]

Magnification Power

Inspection Range Maximum Referee

larger than 14 AWG
>1.63 mm [0.064 in] N/A 1.75X

14 to 22 AWG
1.63 – 0.64 mm

[0.064 to 0.025 in]
1.5X – 3X 4X

< 22 to 28 AWG
< 0.64 mm – 0.32 mm

[< 0.025 – 0.013 in]
3X – 7.5X 10X

Smaller than 28 AWG
< 0.32 mm [< 0.013 in] 10X 20X

Table 1-4 Magnification Aid Applications – Other

Cleanliness (with or without cleaning processes) Magnification not required, see Note 1

Cleanliness (no-clean processes) Magnification not required, see Note 1

Conformal Coating/Encapsulation, Staking Magnification not required, see Note 2

Marking Magnification not required, see Note 2

Other (component and wire damage, etc.) Magnification not required, see Note 1
Note 1. Visual inspection may require the use of magnification, e.g., when fine pitch or high-density assemblies are present, magnification may be needed to

determine if contamination affects form, fit or function.
Note 2. If magnification is used it is limited to 4X maximum.

1 Acceptability of Electronic Assemblies

1 General (cont.)
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The following documents of the issue currently in effect form a part of this document to the extent specified herein.

IPC-HDBK-001 Handbook and Guide to Supplement
J-STD-001

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

IPC-CH-65 Guidelines for Cleaning of Printed Boards and
Assemblies

IPC-D-279 Design Guidelines for Reliable Surface Mount
Technology Printed Board Assemblies

IPC-D-325 Documentation Requirements for Printed Boards

IPC-A-600 Acceptability of Printed Boards

IPC/WHMA-A-620 Requirements & Acceptance for Cable &
Wire Harness Assemblies

IPC-A-640 Acceptance Requirements for Optical Fiber, Opti-
cal Cable, and Hybrid Wiring Harness Assemblies

IPC-TM-650 Test Methods Manual

IPC-CM-770 Component Mounting Guidelines for Printed
Boards

IPC-SM-785 Guidelines for Accelerated Reliability Testing of
Surface Mount Attachments

IPC-AJ-820 Assembly & Joining Handbook

IPC-CC-830 Qualification and Performance of Electrical Insu-
lating Compound for Printed Board Assemblies

IPC-HDBK-830 Guidelines for Design, Selection and Appli-
cation of Conformal Coatings

IPC-SM-840 Qualification and Performance of Permanent
Solder Mask

IPC-1602 Standard for Printed Board Handling and Storage

IPC-2220-FAM Design Standards for Printed Boards

IPC-6010-FAM IPC-6010 Printed Board Performance Speci-
fications

IPC-7093 Design and Assembly Process Implementation for
Bottom Termination Components

IPC-7351 Generic Requirements for Surface Mount Design
and Land Pattern Standard

IPC-7711/7721 Rework, Repair and Modification of Elec-
tronic Assemblies

IPC-9691 User Guide for the IPC-TM-650, Method 2.6.25,
Conductive Anodic Filament (CAF) Resistance Test (Electro-
chemical Migration Testing)

IPC-9701 Performance Test Methods and Qualification
Requirements for Surface Mount Solder Attachments

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

EIA/IPC/JEDEC J-STD-002 Solderability Tests for Compo-
nent Leads, Terminations, Lugs, Terminals and Wires

J-STD-004 Requirements for Soldering Fluxes

IPC/JEDEC J-STD-020 Moisture/Reflow Sensitivity Classifi-
cation for Nonhermetic Surface Mount Devices

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

ECA/IPC/JEDEC J-STD-075 Classification of Non-IC Elec-
tronic Components for Assembly Processes

1. www.ipc.org
2. www.ipc.org

2 Applicable Documents

2 Applicable Documents

2.1 IPC Documents1
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ANSI/ESD-S-20.20 Protection of Electrical and Electronic
Parts, Assemblies and Equipment

IEC 61340-5-1 Electrostatics – Part 5-1: Protection of Elec-
tronic Devices From Electrostatic Phenomena – General
Requirements

IEC 61340-5-2 Electrostatics – Part 5-2: Protection of Elec-
tronic Devices From Electrostatic – User Guide

IEC 61340-5-3 Electrostatics – Part 5-3: Protection of Elec-
tronic Devices from Electrostatic Phenomena – Properties and
Requirements Classification for Packaging Intended for Elec-
trostatic Discharge Sensitive Devices

ASTM E29 Standard Practice for Using Significant Digits in
Test Data to Determine Conformance with Specifications

ASTM SI 10 American National Standard for Metric Practice

MIL-STD-1130 Department of Defense Standards Practice:
Connections, Electrical, Solderless, Wrapped

MIL-STD-1686 Electrostatic Discharge Control Program For
Protection Of Electrical And Electronic Parts, Assemblies And
Equipment (Excluding Electrically Initiated Explosive Devices)

MIL-STD-2073 Standard Practice for Military Packaging

AS22759 Wire, Electrical, Fluoropolymer-Insulated, Copper
or Copper Alloy

AS9146 Foreign Object Damage (FOD) Prevention Pro-
gram – Requirements for Aviation, Space, and Defense Orga-
nizations

3. www.esda.org
4. www.iec.ch
5. www.astm.org
6. www.sae.org

2 Applicable Documents

2.3 Electrostatic Association Documents3
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See Appendix B for information on EOS/ESD and Other Handling Considerations.
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This section illustrates several types of hardware used to
mount electronic devices to an assembly or any other types of
assemblies requiring the use of any of the following: screws,
bolts, nuts, washers, fasteners, clips, component studs, tie
downs, rivets, connector pins, etc. This section is primarily
concerned with visual assessment of proper securing (tight-
ness), and also with damage to the devices, hardware, and
the mounting surface that can result from hardware mounting.

Note: Criteria in this section do not apply to attachments with
self-tapping screws.

Visual inspection is performed in order to verify the following
conditions:

a. Correct parts and hardware.
b. Correct sequence of assembly.
c. Correct security and tightness of parts and hardware.
d. No discernible damage.
e. Correct orientation of parts and hardware.

The following topics are addressed in this section.

4.1 Hardware Installation ............................................ 4-2
4.1.1 Electrical Clearance ........................................... 4-2
4.1.2 Interference ....................................................... 4-3
4.1.3 Component Mounting – High Power ................. 4-4
4.1.4 Heatsinks .......................................................... 4-6
4.1.4.1 Insulators and Thermal Compounds ................. 4-6
4.1.4.2 Contact ............................................................. 4-7
4.1.5 Threaded Fasteners and Other

Threaded Hardware .......................................... 4-8
4.1.5.1 Torque ............................................................ 4-10
4.1.5.2 Solid Wires ...................................................... 4-12
4.1.5.3 Stranded Wires ............................................... 4-14

4.2 Jackpost Mounting .............................................. 4-15

4.3 Connector Pins .................................................... 4-16
4.3.1 Edge Connector Pins ...................................... 4-16
4.3.2 Press Fit Pins .................................................. 4-16
4.3.2.1 Land/Annular Ring .......................................... 4-18
4.3.2.2 Soldering ......................................................... 4-19

4.4 Wire Bundle Securing ......................................... 4-20

4.5 Routing – Wires and Wire Bundles .................... 4-20

4 Hardware

4 Hardware
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Also see 1.8.5 Electrical Clearance.

Acceptable – Class 1,2,3

• Spacing between noncommon conductors does not violate
specified minimum electrical clearance (3). This is shown in
Figure 4-1 as the distances between (1) & (2) and (1) & (5).

Defect – Class 1,2,3

• Hardware reduces spacing to less than specified minimum
electrical clearance.

3

1 2

4

1
35

Figure 4-1
1. Metallic hardware
2. Conductive pattern
3. Specified minimum electrical clearance
4. Mounted component
5. Conductor

1 2

3

4

5 1
3

Figure 4-2
1. Metallic hardware
2. Conductive pattern
3. Spacing less than electrical clearance requirements
4. Mounted component
5. Conductor

4 Hardware

4.1 Hardware Installation
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Acceptable – Class 1,2,3

• Mounting area clear of obstructions to assembly require-
ments.

Defect – Class 1,2,3

• Excess solder (uneven) on mounting holes where mechani-
cal assembly will be affected.

• Anything that interferes with mounting of required hardware.

Figure 4-3

4 Hardware

4.1.2 Hardware Installation – Interference
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Figures 4-4 and 4-5 show typical mounting parts.

Acceptable – Class 1,2,3

• Hardware in proper sequence.

• Leads on components attached by fastening devices are
not clinched (not shown).

• Insulating washer provides electrical isolation when required.

• Thermal compound, if used, does not interfere with forma-
tion of required solder connections.

Note: Where a thermal conductor is specified, it is placed
between mating surfaces of the power device and the heat
sink. Thermal conductors may consist of a thermally conduc-
tive washer or of an insulating washer with a thermally con-
ductive compound.

1

2

3 4

5

6

71

Figure 4-4
1. Metal
2. Terminal lug
3. Component case
4. Nut
5. Lock washer
6. Screw
7. Nonmetal

1

2

3

2

4

5

6

Figure 4-5
1. High-power component
2. Insulating washer (when required)
3. Heat sink (may be metal or nonmetal)
4. Terminal lug
5. Lock washer
6. Insulator sleeve

4 Hardware

4.1.3 Hardware Installation –
Component Mounting – High Power
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Defect – Class 1,2,3

• Improper hardware sequence, see Figure 4-6.

• Sharp edge of washer is against insulator, see Figure 4-7.

• Hardware is not secure.

• Thermal compound, if used, does not permit formation of
required solder connections.

1

Figure 4-6
1. Lock washer between terminal lug and component case

1
2

3

Figure 4-7
1. Sharp edge of washer against insulator
2. Terminal lug
3. Metal heat sink

4 Hardware

4.1.3 Hardware Installation – Component
Mounting – High Power (cont.)
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This section illustrates various types of heatsink mounting.

Visual inspection includes hardware security, component damage, and correct sequence of assembly.

Acceptable – Class 1,2,3

• Not uniform but evidence of mica, plastic film or thermal
compound showing around edges of component.

Defect – Class 1,2,3

• No evidence of insulating materials, or thermal compound (if
required).

• Thermal compound precludes formation of required solder
connection.

Figure 4-8

Figure 4-9

4 Hardware

4.1.4 Hardware Installation – Heatsinks
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Acceptable – Class 1,2,3

• Component not flush, see Figure 4-10-A.

• Minimum 75% contact with mounting surface.

Defect – Class 1,2,3

• Component has less than 75% contact with mounting
surface, see Figure 4-11-A.

• Hardware is loose.

A

Figure 4-10

A

Figure 4-11

4 Hardware

4.1.4.2 Hardware Installation – Heatsinks – Contact
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Both the order and orientation of mounting hardware need to be considered during assembly. Devices such as ‘‘star’’ or ‘‘tooth’’
washers may have one side with sharp edges intended to cut into the mating surface to keep the hardware from coming loose in
operation. Figure 4-13 is an example of this kind of lock washer. Unless otherwise specified the sharp edges of the lock washer
should be against the flat washer.

Acceptable – Class 1,2,3

• Proper hardware sequence and orientation, see Figures
4-12 and 4-13.

• Slot or hole are covered with flat washer, see Figure 4-14.

Acceptable – Class 1
Defect – Class 2,3

• Less than one and one-half threads extend beyond the
threaded hardware, e.g., nut, unless otherwise specified by
engineering drawing.

1

2

2

3

4

3

4

1

Figure 4-12
1. Lock washer, sharp edge showing towards flat washer
2. Flat washer
3. Nonconductive material (laminate, etc.)
4. Metal (not conductive pattern or foil)

1

2

3

Figure 4-13
1. Solder lug
2. Flat washer
3. Lock washer, sharp edge towards flat washer

4 Hardware

4.1.5 Hardware Installation – Threaded
Fasteners and Other Threaded Hardware
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Defect – Class 1,2,3

• Thread extension interferes with adjacent component.

• Hardware material or sequence not in conformance with
drawing.

• Lock washer against nonmetal/laminate.

• Flat washer missing, see Figures 4-15 and 4-16.

• Hardware missing or improperly installed, see Figure 4-17.

• Hardware is not seated, see Figure 4-20.

1

2

3

2

3

1

Figure 4-14
1. Slot or hole
2. Lock washer
3. Flat washer

2

3

1

2
1

3

Figure 4-15
1. Lock washer
2. Nonmetal
3. Metal (not conductive pattern or foil)

1

2

Figure 4-16
1. Slot or hole
2. Lock washer

Figure 4-17

4 Hardware

4.1.5 Hardware Installation – Threaded
Fasteners and Other Threaded Hardware (cont.)
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In addition to threaded fasteners used for installation of an item onto an assembly, there are other types of threaded items that
may be used on individual parts within an assembly. These may require tightening to a specified torque value, or standard indus-
try practice, to preclude loosening or part damage. Such items include, but are not limited to, connector coupling nuts, connec-
tor strain relief clamps/potting/molding boots, etc., fuse holder mounting nuts, and any other similar threaded items.

Where torque requirements are not specified, follow standard industry practices. However, some of these threaded items may be
made of plastic or other material that can be damaged if excessive torque is applied during assembly, and for these items, it may
be necessary to tighten the item to a specified torque value.

Acceptable – Class 1,2,3

• Fasteners are tight and split-ring lock washers, when used,
are fully compressed.

• No evidence of damage resulting from over-tightening of the
threaded item.

• Torque stripe on fasteners (witness/anti-tampering stripe),
when required, see Figure 4-19:

– Is continuous between the fastener and the substrate.

– Extends from the top of the fastener onto the adjacent
substrate (at minimum).

– Is aligned with the center line of the fastener.

– Is undisturbed (indicating no movement of the fastener
and stripe after torquing).

Figure 4-18

Figure 4-19

4 Hardware

4.1.5.1 Hardware Installation – Threaded
Fasteners and Other Threaded Hardware – Torque
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Defect – Class 1,2,3

• Split ring lock washer, if used, is not compressed, see
Figure 4-20.

• Hardware is loose, see Figure 4-20.

• Evidence of damage to the parts being secured.

• Required torque stripe is not continuous between the fas-
tener and the substrate.

• Required torque stripe does not extend from the top of the
fastener onto the adjacent substrate (at minimum).

• Required torque stripe is not aligned with the center line of
the fastener.

• Required torque stripe is disturbed (indicating movement of
the fastener and stripe after torquing).Figure 4-20

Figure 4-21

Figure 4-22

4 Hardware

4.1.5.1 Hardware Installation – Threaded Fasteners
and Other Threaded Hardware – Torque (cont.)
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Acceptable – Class 1,2,3

• 1/3 or less of the conductor diameter protrudes from under
the screw head.

• Mechanical attachment of the conductor is in contact
between the screw head and the contact surface for a mini-
mum of 180° around the screw head.

• Conductor is not wrapped more than 360°.

• Conductor extending outside the screw head does not vio-
late minimum electrical clearance.

• Wire wrapped in the correct direction.

• No insulation in the contact area.

Figure 4-23

W

A

D

Ø

D

Ø

Figure 4-24
A. Less than or equal to 1/3 D

4 Hardware

4.1.5.2 Hardware Installation – Threaded Fasteners
and Other Threaded Hardware – Solid Wires
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Defect – Class 1,2,3

• More than 1/3 of the conductor diameter protrudes from
under the screw head (see Figure 4-25).

• Conductor not wrapped around screw body for at least
180° (see Figure 4-26-A).

• Conductor is wrapped more than 360° (see Figure 4-27-A).

• Conductor wrapped in wrong direction (see Figure 4-27-B).

• Insulation in the contact area (see Figure 4-27-C).
D

Ø

A

Figure 4-25
A. Overhang greater than 1/3 D

D

Ø
0º

<180º

AA

Figure 4-26

Figure 4-27

4 Hardware

4.1.5.2 Hardware Installation – Threaded Fasteners
and Other Threaded Hardware – Solid Wires (cont.)
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Acceptable – Class 1,2,3

• Less than 1/3 of the conductor diameter protrudes from
under the screw head.

• Conductor extending outside the screw head does not vio-
late minimum electrical clearance.

• Mechanical attachment of the conductor is in contact
between the screw head and the contact surface for a mini-
mum of 180° around the screw head.

• No insulation in the contact area.

• Conductor is not wrapped more than 360°.

Defect – Class 1,2,3

• Conductor not wrapped around screw body for at least
180° (not shown).

• Stranded conductor was tinned (not shown).

• More than 1/3 of the conductor diameter protrudes from
under the screw head (see Figure 4-29).

• Stranded conductor wrapped in wrong direction (tightening
the screw unwinds the twisted conductor) (see Figure
4-30-B).

• Insulation in the contact area (see Figure 4-30-C).

D
270º

AA

Figure 4-28

D

Figure 4-29

Figure 4-30

4 Hardware

4.1.5.3 Hardware Installation – Threaded Fasteners
and Other Threaded Hardware – Stranded Wires
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This section covers the height relationship of the face of the jackpost to the associated connector face. This is critical to obtain
maximum connector pin contact.

Note: ‘‘C’’ style retaining clips will add the thickness of the clip to the jackpost height.

Note: A trial mating may be required for final acceptance.

Acceptable – Class 1,2,3

• The jackposts can be above or below the face of the con-
nector, depending on the design, providing the connector
and jackposts mate correctly.

• Height is obtained by adding or removing washers in accor-
dance with the connector manufacturer’s instructions.

Defect – Class 1,2,3

• The jackposts are above or below the face of the connec-
tor, depending on the design, and the connector and jack-
posts do not mate correctly. (No figure showing the defect
condition.)

Figure 4-31

Figure 4-32

Figure 4-33

4 Hardware

4.2 Jackpost Mounting
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This section covers two types of pin installations; edge connector pins and press fit connector pins. Installation of these devices
is usually done with automated equipment. Visual inspection of this mechanical operation includes: correct pins, damaged pins,
bent and broken pins, damaged spring contacts and damage to the substrate or conductive pattern. For connector mounting cri-
teria, see 7.1.8 Component Mounting – Connectors. For connector damage criteria, see 9.5 Connectors.

IPC-T-50 defines annular ring (annular width) as that portion of conductive material completely surrounding a hole.

Acceptable – Class 1,2,3

• Contact is contained within the insulator, see Figure 4-34-A.

• Gap is within specified tolerance, see Figure 4-34-B.

Note: To provide allowance for an extraction tool, the gap
between the contact shoulder and the land needs to be
adequate for each manufacturer’s repair tooling.

Defect – Class 1,2,3

• Contact is above insulator, see Figure 4-34-C.

• Gap between contact shoulder and land is greater than
specified, see Figure 4-34-B.

Acceptable – Class 1,2,3

• Pins are bent off center by 50% pin thickness or less.

• Pin height is within tolerance.

Note: Nominal height tolerance is per pin connector or
master drawing specification. The connector pins and mating
connector must have a good electrical contact.

B

C

A

Figure 4-34

Figure 4-35
1. Pin height tolerance
2. Less than 50% pin thickness

4 Hardware

4.3 Connector Pins
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Defect – Class 1,2,3

• Pin is bent out of alignment – bent off center greater than
50% pin thickness, see Figure 4-36.

• Pin visibly twisted, see Figure 4-37.

• Pin height is out of tolerance as to specification, see Figure
4-38.

Figure 4-36

Figure 4-37

Figure 4-38

4 Hardware

4.3.2 Connector Pins – Press Fit Pins (cont.)
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Acceptable – Class 1,2

• Protrusion side annular ring lifted less than or equal to 75%
of the width (W) of the annular ring, Figure 4-39.

Acceptable – Class 2

• No visual evidence of lifted annular land on insertion side.

Acceptable – Class 3

• No lifted or fractured annular rings.

Defect – Class 1,2

• Any protrusion side functional annular ring lifted more than
75% of the width (W).

Defect – Class 2

• Any evidence of lifted annular ring on the insertion side.

Defect – Class 3

• Any lifted or fractured annular rings with press fit pins.

Figure 4-39
1. Annular ring lifted 75% of the width (W) or less
2. Annular ring with conductor
3. Annular ring not fractured
4. Annular ring lifted, fractured but firmly attached annular ring

without conductor (nonfunctional)

Figure 4-40
1. Annular ring fractured
2. Functional annular ring lifted greater than 75% of annular ring

width (W)
3. Annular ring lifted

4 Hardware

4.3.2.1 Connector Pins – Press Fit Pins – Land/Annular Ring
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The term ‘‘press fit pins’’ is generic in nature and many types of pressure inserted pins, e.g., connector, staked, etc., are not
intended to be soldered. If soldering is required the following criteria are applicable.

Acceptable – Class 1,2

• Solder fillet or coverage (protrusion side) is present on two
adjacent sides of the pin.

Acceptable – Class 3

• A 330° solder fillet is evident on the protrusion side of the
assembly.

Note: Solder fillet or fill on insertion side is not required.

Acceptable – Class 1

• Solder wicking is permitted above 2.5 mm [0.1 in] on sides
of pins provided there is no solder buildup that interferes
with subsequent attachments to the pin.

Acceptable – Class 2,3

• Solder wicking on sides of pins is less than 2.5 mm [0.1 in],
provided the solder does not interfere with subsequent
attachments to the pin.

1

2

3

4

5

Figure 4-41
1. Bottom view
2. Side view
3. Land
4. Top view
5. Printed board

2.5 mm [0.1 in]

Figure 4-42

4 Hardware

4.3.2.2 Connector Pins – Press Fit Pins – Soldering

4-19IPC-A-610H September 2020

Full document details: IPC A-610H-2020

http://www.avadocuments.com/doc/ipc-a-610h-2020
http://www.avadocuments.com/doc/ipc-a-610h-2020


Defect – Class 1,2

• Solder fillet or coverage is evident on less than two adjacent
sides of the pin on the protrusion side.

Defect – Class 3

• Less than 330° solder fillet on the protrusion side of the
assembly.

Defect – Class 1,2,3

• Solder build up interferes with subsequent attachments to
the pin.

Defect – Class 2,3

• Solder wicking exceeds 2.5 mm [0.1 in].

Criteria can be found in IPC/WHMA-A-620.

Criteria can be found in IPC/WHMA-A-620.

1
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3

4

5

Figure 4-43
1. Bottom view
2. Side view
3. Land
4. Top view
5. Printed board

4 Hardware

4.3.2.2 Connector Pins – Press Fit Pins – Soldering (cont.)

4.4 Wire Bundle Securing

4.5 Routing – Wires and Wire Bundles
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