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0.1 Scope This Addendum provides requirements to be used in addition to, and in some cases, in place of, those pub-
lished in J-STD-001G and IPC-A-610G to ensure the reliability of mission-critical soldered automotive electrical and elec-
tronic assemblies in the field under harsh environments, considering the conditions of automated high-volume production.

0.2 Purpose When required by procurement documentation/drawings, this Addendum supplements or replaces specifically
identified requirements of J-STD-001 and IPC-A-610.

0.3 Existing or Previously Approved Designs This Addendum shall not constitute the sole cause for the redesign of pre-
viously approved designs. When drawings for existing or previously approved designs undergo revision, they should be
reviewed and changes made that allow for conformance with the requirements of this Addendum.

0.4 Use This Addendum is not to be used as a standalone document.

Where criteria are not supplemented, the Class 3 requirements of J-STD-001G shall apply. Where J-STD-001G criteria are
supplemented or new criteria are added by this Addendum, the clause is listed in J-STD-001GA, and the entire J-STD-001G
clause is replaced by this Addendum except as specifically noted.

The clauses modified by this Addendum do not include subordinate clauses unless specifically stated, e.g., 1.4 does not
include 1.4.1. Clauses, Tables, Figures, etc., in J-STD-001G that are not listed in this Addendum are to be used as published.
J-STD-001GA must be used with J-STD-001G.

This Addendum shall be used only in conjunction with the corresponding automotive addendum pertaining to IPC-A-610G.

In the context of this Addendum, IPC-A-610 shall be used as a companion document to J-STD-001. The revisions of
J-STD-001 and IPC-A-610 shall correspond, e.g., J-STD-001G and IPC-A-610G. The likelihood of criteria not aligning
increases when different revisions are used together.

If there is a conflict between the documents referenced in this section, the order of precedence is documented in 1.7.
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1.6 General Requirements Use of this Addendum implies that the product belongs to Class 3.

The soldering operations, equipment, and conditions described in this document are based on electrical/electronic circuits
designed and fabricated in accordance with the specifications listed in Table 1-1GA.

1.7 Order of Precedence The contract shall take precedence over this Addendum, referenced standards and User-
approved drawings.

1.7.1 Conflict In the event of a conflict between this Addendum and the applicable documents cited herein, this Adden-
dum takes precedence. Where referenced criteria of this Addendum differ from J-STD-001G, this Addendum takes prece-
dence. In the event of conflict between the requirements of this Addendum and the applicable assembly drawing(s)/
documentation, the applicable User approved assembly drawing(s)/documentation take precedence.

In the event of conflict between the requirements of the J-STD-001G and the applicable assembly drawing(s) and documen-
tation, the applicable User approved assembly 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 conflict between the requirements of the J-STD-001G and assembly drawing(s) and documentation that have not
been User approved, the J-STD-001G governs.

In the case of a conflict between this Addendum and IPC-A-610GA, this Addendum takes precedence.

See below for a summary of the order of precedence for using this Addendum.

User approved drawings → J-STD-001GA → J-STD-001G → IPC-A-610GA → IPC-A-610G

1.8 Terms and Definitions

1.8.6 Manufacturer (Assembler) The individual, organization, or company responsible for the assembly process and veri-
fication operations necessary to ensure full compliance of assemblies to this Addendum.

1.8.7 Objective Evidence Documentation in the form of hard copy, computer data, video, or other media that demon-
strates requirements have been met (for examples, see Appendix C). Such documentation may include, but is not limited to:

a. Work instructions.

b. Procedures and records required by the quality management system.

c. Chemical and physical test data.

d. Reliability calculations based on recognized industry reliability standards.

e. Manufacturer data sheets/reports, now acceptable record of performance by selected suppliers.

f. External and/or internal audit reports.

g. Test/inspection reports including actual measured values.

h. Training records.

i. Soldering temperature versus time profiles.

j. Technical basis for changes in materials and/or processes, e.g., see Appendix C.

k. Historical data, e.g., 0 kilometer failures, field failures/warranties, product/process validation, pilot runs, safe launch data.

l. Competency Matrix, i.e., skills checklist.

Note: Objective evidence is used to demonstrate or validate process control.

Table 1-1GA Design, Fabrication and Acceptability Specifications

Board Type Design Specification Fabrication/Acceptability Specification

Generic Requirements IPC-2221 IPC-6011

Rigid Printed Boards IPC-2222 IPC-6012, IPC-6012 Automotive
Addendum, IPC-A-600

Flexible Circuits IPC-2223 IPC-6013

Rigid Flex Board IPC-2223 IPC-6013
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The following topics are addressed in this Addendum.

0.1 Scope
0.2 Use

The following reference numbers are to IPC-A-610G Clauses that are modified or added in this Addendum.

1.2 Purpose

1.3 Classification

1.4.1 Verification of Dimensions

1.5 Definition of Requirements

1.5.1.3 Defect Condition

1.5.1.5 Combined Conditions

1.5.1.6 Conditions Not Specified

1.6 Process Control Methodologies

1.7 Order of Precedence

1.7.1 Clause References

1.7.3 (NEW) Appendix A

1.8.2 *Cold Solder Connection

1.8.4 Electrical Clearance
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1.8.17 (NEW) OEM (Original Equipment Manufacturer)

1.8.18 (NEW) Tier 1 Supplier

1.8.19 (NEW) Tier 2 Supplier

1.8.20 (NEW) Tier 3 Supplier

1.9 Requirements Flowdown

1.10 Personnel Proficiency

1.11 Acceptance Requirements

1.12 Inspection Methodology

1.12.1 Lighting

1.12.2 Magnification Aids

2 Applicable Documents

2.1 IPC

2.2 Joint Industry Standards

2.3 Electrostatic Discharge Association

2.4 JEDEC

2.5 International Electrotechnical Commission

2.6 ASTM

2.7 Military Standards

2.8 (NEW) SAE International

2.9 (NEW) Automotive Standards

2.10 (NEW) ANSI Standards

2.11 ISO-IATF

2.12 ANSI Standards

3 Handling Electronic Assemblies

3.1 EOS/ESD Prevention

3.1.1 Electrical Overstress (EOS)

3.1.2 Electrostatic Discharge (ESD)

3.1.3 Warning Labels

3.1.4 Protective Materials
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3.2 EOS/ESD Safe Workstation/EPA

3.3 Handling Considerations

3.3.1 Guidelines

3.3.2 Physical Damage

3.3.3 Contamination

3.3.4 Electronic Assemblies

3.3.5 After Soldering

3.3.6 Gloves and Finger Cots

4 Hardware

4.1.5 Threaded Fasteners and Other Threaded Hardware

4.3.2 Press Fit Pins

4.3.2.3 (NEW) Compliant Press Fit Pins

4.3.2.3.1 (NEW) Standalone Press-Fit Pins Inserted into PCB

4.3.2.3.2 (NEW) Press-Fit Pins Inserted into Housing

5 Soldering

5.1 Soldering Acceptability Requirements

5.2 Soldering Anomalies

5.2.1 Exposed Base Metal

5.2.2 Pin Holes/Blow Holes

5.2.3 Reflow of Solder Paste

5.2.4 Nonwetting

5.2.6 Dewetting

5.2.7 Excess Solder

5.2.7.1 Solder Balls and Solder Particles

5.2.7.2 Bridging

5.2.7.3 Solder Webbing/Splashes

5.2.9 Fractured Solder

5.2.10 Solder Projections

5.2.11 Pb-Free Fillet Lift

5.2.12 Pb-Free Hot Tear/Shrink Hole

5.2.13 Probe Marks and Other Similar Surface Conditions in Solder Joints

5.2.14 Partially Visible or Hidden Solder Connections

5.2.15 Tilted or Raised Component

7 Through-Hole Technology

7.3 Supported Holes

7.3.5 Solder

7.3.5.1 Vertical Fill (A)

8 Surface Mount Assemblies

8.1.2 Mechanical Strength

8.2 Surface Assemblies – SMT Leads

8.2.1 Plastic Components

8.3 SMT Connections

8.3.2 Rectangular or Square End Chip Components – 1, 2, 3 or 5 Side Termination(s)

8.3.2.6 Minimum Fillet Height (F) End Cap Configuration

8.3.2.10 (NEW) 3 Side Termination(s) – Lateral Configuration – Termination Variations – Center/Lateral Termination(s)

8.3.2.10-1 (NEW) Maximum Side Overhang of Termination (As) – Lateral Side Configuration (s)

8.3.2.10.2 (NEW) End Overhang of Termination (Bs) – Lateral Side Configuration(s)
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8.3.2.10.3 (NEW) End Joint Width of Termination (Cs) – Lateral Side Configuration (s)

8.3.2.10.4 (NEW) Minimum Fillet Height of Termination (Fs) – Lateral Side Configuration (s)

8.3.2.10.5 (NEW) Solder Thickness of Termination (Gs) – Lateral Configuration

8.3.4 Castellated Terminations

8.3.4.6 Minimum Fillet Height (F)

8.3.5 Flat Gull Wing Leads

8.3.5.2 Toe Overhang (B)

8.3.5.6 Minimum Heel Fillet Height (F)

8.3.5.7 Lifted Component Body

8.3.5.7.1 Solder Wicking

8.3.9 Flat Lug Leads

8.3.9.4 (NEW) Maximum Fillet Height (E)

8.3.11 Inward Formed L-Shaped Ribbon Leads

8.3.11.1 (NEW) Maximum Fillet Height (E)

8.3.11.2 (NEW) Minimum Fillet Height (F)

8.3.13 Bottom Termination Components (BTC)

8.3.13.1 Minimum Toe (End) Fillet Height (F)

8.3.14 Components with Bottom Thermal Plane Terminations

8.3.14.1 (NEW) Terminations of TO Components

8.3.14.1.1 (NEW) Thermal Plane Minimum End Joint Width (Ct)

8.3.14.1.2 (NEW) Thermal Plane Side Joint Length (Dt)

8.3.14.1.3 (NEW) Thermal Plane Solder Fillet Thickness (Gt)

8.3.14.2 (NEW) Terminations of QFPs and SOPs

8.3.14.2.1 (NEW) Side Overhang (At)

8.3.14.2.2 (NEW) End Toe Overhang (Bt)

8.3.14.2.3 (NEW) End Joint Width (Ct)

8.3.14.2.4 (NEW) Solder Thickness Coverage (Gt)

8.3.14.3 (NEW) Terminations of BTCs

8.3.17 (NEW) Any Bottom Shape Non-Visible / Hidden Portion Terminations

8.3.17.1 (NEW) Maximum Side Overhang (A)

8.3.17.2 (NEW) Maximum Toe Overhang (B)

8.3.17.3 (NEW) Minimum End Joint Width (C)

8.3.17.4 (NEW) Minimum Side Joint Length (D)

8.3.17.5 (NEW) Maximum Fillet Height (E)

8.3.18 (NEW) Half-Moon Shape Ferrite Termination-Coil Terminal

8.3.18.1 (NEW) Maximum Side Overhang (A)

8.3.18.2 (NEW) End Overhang (B)

8.3.18.3 (NEW) Minimum Side Joint Length (J)

8.3.18.4 (NEW) Minimum End Joint Width (C)

8.3.18.5 (NEW) Minimum Fillet Height (F)

8.3.19 (NEW) Coil Terminals (Coated wire)

8.3.19.1 (NEW) Maximum Side Overhang (A)

8.3.19.2 (NEW) Maximum Toe Overhang (B)

8.3.19.3 (NEW) Minimum End Joint Width (C)

8.3.19.4 (NEW) Minimum Side Joint Length (D)

8.3.19.5 (NEW) Maximum Heel Fillet Height (E)

8.3.19.6 (NEW) Minimum Heel Fillet Height (F)

8.3.19.7 (NEW) Minimum Side Joint Height (Q)
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8.3.20 (NEW) ‘‘L’’ Type (Fuses/Shunt Resistors) Terminals

8.3.20.1 (NEW) Maximum Side Overhang (A)

8.3.20.2 (NEW) Maximum Toe Overhang (B)

8.3.20.3 (NEW) Minimum End Joint Width (C)

8.3.20.4 (NEW) Minimum Side Joint Length (D)

8.3.20.5 (NEW) Maximum Fillet Height (E)

8.3.20.6 (NEW) Minimum Fillet Height (F)

8.3.20.7 (NEW) Solder Fillet Thickness (G)

8.3.21 ‘‘C’’ Type Terminal with Thermal Plane Termination

8.3.21.1 (NEW) Maximum Side Overhang (A)

8.3.21.2 (NEW) Maximum Toe Overhang (B)

8.3.21.3 (NEW) Minimum End Joint Width (C)

8.3.21.4 (NEW) Minimum Side Joint Length (D)

8.3.21.5 (NEW) Maximum Heel Fillet Height (E)

8.3.21.6 (NEW) Minimum Heel Fillet Height (F)

8.3.21.7 (NEW) Solder Thickness (G)

8.3.22 (NEW) Vertical Cylindrical Cans with Outward L-Shaped Lead Terminations

10.8 Conformal Coating

10.8.1 General

10.8.2 Coverage

10.8.2.1 (NEW) Silicon Base Coatings

10.8.3 Thickness

10.8.4 Electrical Insulation Coating

10.8.4.1 Coverage

10.8.4.2 Thickness

10.9 Encapsulation (Potting)

0.1 Scope This Addendum provides a collection of visual acceptability criteria for electronic assemblies to be used in addition
to, and in some cases, in place of, those published IPC-A-610G intended to ensure the reliability of mission-critical soldered auto-
motive electrical and electronic assemblies in the field under harsh environments, considering the conditions of automated high-
volume production. This Addendum does not provide criteria for cross-section evaluation or evaluation of images generated by
automated optical and/or X-ray inspection systems.

0.2 Use This Addendum is not to be used as a standalone document.

Where criteria are not supplemented, the Class 3 requirements of IPC-A-610G shall apply. Where IPC-A-610G criteria are
supplemented or new criteria are added by this Addendum, the clause is listed in IPC-A-610 Automotive Addendum Acceptability
section and the entire IPC-A-610G clause is replaced by this Addendum except as specifically noted.

The clauses modified by this Addendum do not include subordinate clauses unless specifically states, e.g., 1.4 does not include
1.4.1. Clauses, Tables, Figures, etc., in IPC-A-610G that are not listed in this Addendum are to be used as published
IPC-A-610GA must be used with IPC-A-610G.

This Addendum shall be used only in conjunction with the corresponding automotive addendum pertaining to J-STD-001G,
J-STD-001GA.

In the context of this Addendum, IPC-A-610 shall be used as a companion document to J-STD-001. The revisions of J-STD-001
and IPC-A-610 shall correspond, e.g. J-STD-001G and IPC-A-610G. The likelihood of criteria not aligning increases when differ-
ent revisions are used together.

For the order of precedence, see clause 1.7.
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1.2 Purpose The visual acceptability criteria in this document reflect the requirements of existing IPC and other applicable
specifications. In order for the user to apply and use the content of this document, the assembly/product shall comply with other
existing IPC requirements, such as IPC-7351, IPC-2220-FAM, IPC-6010-FAM and IPC-A-600 or customer unique/specified auto-
motive standards, testing, reliability data, etc. If the assembly does not comply with these or with equivalent requirements, it shall
be the shared responsibility of the User and the Design Authority to define, agree to, and document specific acceptance criteria.

In the case of a discrepancy, the description or written criteria, i.e., Tables, Notes addressing criteria, always takes precedence
over the illustrations, i.e., photos, graphics.

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, otherwise if agreed between customer and supplier.

1.3 Classification Accept and/or reject decisions shall be based on applicable documentation such as contracts, drawings,
specifications, standards and reference documents. Criteria defined in this document reflect Class 3 visual criteria. Class 3 will not
appear after the condition [Target, Acceptable, etc.].

1.4.1 Verification of Dimensions Actual measurement of specific component placement, quantity and dimensions of the sol-
der connection, and determination of percentages, shall not be used, except for referee purposes.

Table 1-1 Summary of Related Documents

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)
indicating 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
patterns 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.

PCB 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 specific end product requirements designed
by the customer or end item assembly requirements. Details may or may not
reference industry specifications or workmanship standards as well as customer’s
own preferences or internal standard requirements.

End Item Standards J-STD-001 Requirements for soldered electrical and electronic assemblies depicting minimum
end product acceptable characteristics as well as methods for evaluation (test
methods), 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 requirements for teaching and learning process procedures and
techniques for implementing acceptance requirements of either end item standards,
acceptability standards, or requirements detailed on the customer documentation.

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

Automotive Industry Action
Group Standards

AIAG-CQI-17 Special Process: Electronic Assembly Manufacturing – Soldering System Assessment

Automotive Electronics
Council Standards

AEC-Q100
AEC-Q101
AEC-Q102
AEC-Q104
AEC-Q200

Automotive Electronics Council – Failure Mechanism Based Stress Test Qualification
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