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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 2021. 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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Space and Military Applications Electronic
Hardware Addendum to IPC J-STD-001H

Requirements for Soldered Electrical
and Electronic Assemblies

Table of Contents

The following topics are addressed in this Addendum.
0.1 Scope
0.1.1 Purpose
0.1.2 Precedence
0.1.3 Existing or Previously Approved Designs
0.1.4 Use
0.1.5 Red Plague (Cuprous Oxide Corrosion)
0.1.6 Materials and Processes Traceability

Table of Contents for Table 1 Space and Military
Applications Requirements

1.1 Scope

1.2 Purpose

1.5.3.2 High Frequency Applications

1.5.3.3 High Voltage Applications

1.6.2 Statistical Process Control

1.7 Order of Precedence

1.10 Personnel Proficiency

1.11 Acceptance Requirements

1.12.2 Inspection

3.1 Materials

3.2 Solder

3.2.1 Solder – Pb – Free

3.3 Flux

3.6.1 Component and Seal Damage

4.3 Removal of Component Surface Finishes

4.3.1 Gold Removal

4.5 Rework of Nonsolderable Parts

4.7 General Part Mounting Requirements

4.7.2 Lead Deformation Limits

4.13.3 Drying/Degassing

4.15.1 Exposed Surfaces

4.15.2 Solder Connection Anomalies

4.15.3 Partially Visible or Hidden Solder
Connections

5.1.2 Strand Damage

5.3.6 Terminal Mounting – Soldering

5.5 Soldering to Terminals

5.6.3 Wire Staking

6.1 Through-Hole Terminations – General

6.1.1 Lead Forming

6.1.2 Termination Requirements

6.2.2 Through-Hole Component Lead Soldering

6.3.1 Lead Termination Requirements for
Unsupported Holes

7.0 Surface Mounting of Components

7.1.2 Forming

7.1.3 Unintentional Bending

7.5.5 Cylindrical End Cap Terminations

7.5.6 Castellated Terminations

7.5.7 Flat Gull Wing Leads

7.5.8 Round or Flattened (Coined) Gull Wing
Leads

7.5.14 Surface Mount Area Array Packages

7.5.15 Bottom Termination Components (BTC)

7.5.16 Components with Bottom Thermal Plane
Terminations (D-Pak)

7.5.17 Flattened Post Connections

7.5.19 Vertical Cylindrical Cans with Outward
L-Shaped Lead Terminations

7.5.20 Wrapped Terminals

8.0 Cleaning and Residue Requirements

8.1 Qualified Manufacturing Process

8.1.1 Cleaning Designator

8.3.1 Level 1 – Major Changes Requiring
Validation

8.4 Foreign Object Debris (FOD)

8.5 Visible Residues

9.1.1 Blistering/Delamination

9.1.2 Weave Exposure/Cut Fibers

9.1.9 Burns

9.1.11 Measles

10.0 Coating, Encapsulation, Staking and
Bonding

10.1.3 Application

10.1.11 Rework or Touchup

10.3.1.2 Staking – Application – SMT

10.4 [NEW] Bonding (Adhesive)

12.2 Repair
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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 published
in J-STD-001H to ensure the reliability of soldered electrical and electronic assemblies that must survive the vibration and
thermal cyclic environments in space and military applications.

0.1.1 Purpose When required by procurement documentation/engineering documentation, this Addendum supplements or
replaces specifically identified requirements of J-STD-001H.

0.1.2 Precedence The contract takes precedence over this Addendum, referenced standards and User-approved drawings.
In the event of a conflict between this Addendum and the applicable documents cited herein, this Addendum takes prece-
dence. Where referenced criteria of this Addendum differ from the published J-STD-001H, this Addendum takes precedence.
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. See Table 1 of this Addendum 1.7 Order
of Precedence.

0.1.3 Existing or Previously Approved Designs This Addendum shall not constitute the sole cause for the redesign of
previously 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.

0.1.4 Use This Addendum is not to be used as a stand-alone document.

Where criteria are not modified through change or addition, the Class 3 requirements of J-STD-001H shall apply. Where
J-STD-001H criteria are altered or new criteria are added by this Addendum, the clause is listed in J-STD-001HS, Table 1,
Space and Military Applications Requirements, and the entire J-STD-001H clause is replaced by this Addendum except as
specifically noted. Clauses found only in this Addendum will have ‘‘[NEW]’’ after the clause number in the table.

Clauses, Tables, Figures, etc., in J-STD-001H that are not listed in this Addendum shall be used as-published.

0.1.5 Red Plague (Cuprous Oxide Corrosion) Red Plague can develop in silver-coated soft or annealed copper conduc-
tors (component leads, single and multistranded wires and printed board conductors) when a galvanic cell forms between
the copper base metal and the silver coating in the presence of moisture (H2O) and oxygen (O2). Once initiated, the sacri-
ficial corrosion of the copper base conductor can continue indefinitely in the presence of oxygen. The color of the corrosion
by-product (cuprous oxide crystals) may vary depending on the different levels of oxygen available, but is commonly noted
as a red/reddish-brown discoloration on the silver coating surface.

The use of silver coating over any form of copper, e.g., component leads, printed board traces, wire/cable shall require the
implementation of a User-approved Red Plague Control Plan (RPCP). See IPC-WP-113, Guidance for the Development and
Implementation of a Red Plague Control Plan (RPCP), for technical guidance and a generic RPCP template.

0.1.6 Materials and Processes Traceability When required, the traceability of materials and processes used in the manu-
facture of electrical/electronic hardware shall be in compliance with IPC-1782, Standard for Manufacturing and Supply
Chain Traceability of Electronic Products. Traceability Level shall be determined between the Manufacturer and the User.

IPC J-STD-001HS April 2021
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J-STD-001HS Table 1 Space and Military Applications Requirements

J-STD-001H
Reference Space and Military Applications Requirements (as changed by this Addendum)

1.1

1.2 Note: This clause is unchanged from J-STD-001H. It is included here to clarify that the Purpose of the Space
and Military Applications Addendum does not replace nor alter the Purpose of the base document.

Purpose This Standard prescribes material requirements, process requirements, and acceptability requirements
for the manufacture of soldered electrical and electronic assemblies. 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 IPC-A-610. Standards may be updated at any time, including with the addition of amendments.
The use of an amendment or newer revision is not automatically required.

1.5.3.2 High Frequency Applications High frequency applications, i.e., radio wave and microwaves, may require part
clearances, mounting systems, and assembly designs which vary from the requirements stated herein. When high
frequency design requirements prevent compliance with the design and part mounting requirements contained
herein, Manufacturers may use alternative designs. These alternative designs’ acceptance criteria shall be
approved by the User prior to use.

1.5.3.3 High Voltage Applications High voltage applications may require part clearances, mounting systems, and
assembly designs which vary from the requirements stated herein. When such design requirements prevent com-
pliance with the design and part mounting requirements contained herein, Manufacturers may use alternative
designs. These alternative designs’ acceptance criteria shall be approved by the User prior to use.

1.6.2 Statistical Process Control The use of statistical process control is encouraged but not mandatory, see 1.6
Process Control Requirements. When a statistical process control system process is used, it shall include the fol-
lowing elements as a minimum:
a. Training is provided to personnel with assigned responsibilities in the development, implementation, and utili-

zation of process control and statistical methods that are commensurate with their responsibilities.
b. Quantitative methodologies and evidence is maintained to demonstrate that the process is capable and in con-

trol. Improvement strategies define initial process control limits and methodologies leading to a reduction in the
occurrence of process indicators in order to achieve continuous process improvement.

c. Sampling inspection shall be prohibited unless approved by the User prior to use.
d. When sampling is pre-approved by the User, any defect(s) identified in the lot sample exceeding the limit(s)

allowed by the sampling plan, requires the entire lot to be 100% inspected for the occurrence(s) of the identi-
fied defect(s).

e. A system is in place to initiate corrective action(s) for the occurrence of process indicators, out-of-control pro-
cess(es), and/or discrepant assemblies.

f. A documented audit plan is defined to monitor process characteristics and/or output at a prescribed frequency.
g. Objective evidence of process control may be in the form of control charts or other tools and techniques of

statistical process control derived from application of process parameter and/or product parameter data, see
IPC-HDBK-001.

1.7 Order of Precedence The contract shall take precedence over this Addendum, J-STD-001H, referenced stan-
dards and User approved drawings, see 0.1.2 Precedence of this Addendum.

In the event of conflict between the requirements of this standard and the applicable assembly drawing(s)/
documentation, the applicable User approved assembly drawing(s)/documentation govern. Some examples of
documentation include the contract, purchase order, technical data package, engineering specification or perfor-
mance 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 an assembly drawing(s)/documentation that has not been User approved, this standard governs.
See 0.1.2 Precedence of this Addendum.

When J-STD-001 is cited or required by contract, the requirements of IPC-A-610 do not apply unless separately
or specifically required. When IPC-A-610 or other related documents are cited along with J-STD-001, the order of
precedence should be defined in the procurement documents.

Scope This Standard describes materials, methods and acceptance criteria for producing soldered electrical and 
electronic assemblies. The intent of this document is to rely on process control methodology to ensure consistent 
quality levels during the manufacture of products. It is not the intent of this Standard to exclude any procedure for 
component placement or for applying flux and solder used to make the electrical connection.

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 J-STD-001HS Table 1-1.

J-STD-001HS_Table 1-1 Design, Fabrication and Acceptability Specifications

Board Type Design Fabrication/Acceptability Specification

Generic Requirements IPC-2221 IPC-6011

Rigid Printed Boards IPC-2222 IPC-6012 Space & Military Addendum

Flexible Circuits IPC-2223 IPC-6013

Rigid Flex Board IPC-2223 IPC-6013
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