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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRINTED BOARD ASSEMBLIES -

Part 1: Generic specification —
Requirements for soldered electrical and electronic assemblies
using surface mount and related assembly technologies

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61191-1 has been prepared by IEC technical committee 91:
Electronics assembly technology.

This third edition cancels and replaces the second edition published in 2013. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) the requirements have been updated to be compliant with the acceptance criteria in
IPC-A-610F;

b) the term "assembly drawing" has been changed to "assembly documentation" throughout;

c) references to IEC standards have been corrected;

d) Clause 9 was completely rewritten;
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e) Annex B was removed because there are already procedures for circuit board assemblies.

The text of this International Standard is based on the following documents:

CDhV Report on voting
91/1481/CDV 91/1510/RVC

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of IEC 61191 series, published under the general title Printed board
assemblies, can be found in the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or
e amended.
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PRINTED BOARD ASSEMBLIES -

Part 1: Generic specification —
Requirements for soldered electrical and electronic assemblies
using surface mount and related assembly technologies

1 Scope

This part of IEC 61191 prescribes requirements for materials, methods and verification criteria
for producing quality soldered interconnections and assemblies using surface mount and
related assembly technologies. This part of IEC 61191 also includes recommendations for
good manufacturing processes.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60068-2-20, Environmental testing — Part 2-20: Tests — Test T: Test methods for
solderability and resistance to soldering heat of devices with leads

IEC 60068-2-58, Environmental testing — Part 2-58: Tests — Test Td: Test methods for
solderability, resistance to dissolution of metallization and to soldering heat of surface
mounting devices (SMD)

IEC 60194, Printed board design, manufacture and assembly — Terms and definitions

IEC 60721-3-1, Classification of environmental conditions — Part 3: Classification of groups of
environmental parameters and their severities — Storage

IEC 61189-1, Test methods for electrical materials, interconnection structures and assemblies
— Part 1: General test methods and methodology

IEC 61189-3, Test methods for electrical materials, printed boards and other interconnection
structures and assemblies — Part 3: Test methods for interconnection structures (printed
boards)

IEC 61190-1-1, Attachment materials for electronic assembly — Part 1-1: Requirements for
soldering fluxes for high-quality interconnections in electronics assembly

IEC 61190-1-3, Attachment materials for electronic assembly — Part 1-3: Requirements for
electronic grade solder alloys and fluxed and non-fluxed solid solders for electronic soldering
applications

IEC 61191-2, Printed board assemblies — Part 2: Sectional specification — Requirements for
surface mount soldered assemblies

IEC 61191-3, Printed board assemblies — Part 3: Sectional specification — Requirements for
through-hole mount soldered assemblies
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IEC 61191-4, Printed board assemblies — Part 4: Sectional specification — Requirements for
terminal soldered assemblies

IEC 61249-8-8, Materials for interconnection structures — Part 8: Sectional specification set
for non-conductive films and coatings — Section 8: Temporary polymer coatings

IEC 61340-5-1, Electrostatics — Part 5-1: Protection of electronic devices from electrostatic
phenomena — General requirements

IEC/TR 61340-5-2, Electrostatics — Part 5-2: Protection of electronic devices from
electrostatic phenomena — User guide

IEC 61760-2, Surface mounting technology — Part 2: Transportation and storage conditions
of surface mounting devices (SMD) — Application guide

ISO 9001:2008, Quality management systems — Requirements

IPC-A-610, Acceptability of Electronic Assemblies

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60194 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

o |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

bow

deviation from flatness of a board characterized by a roughly cylindrical or spherical curvature
so that, if the product is rectangular, its four corners are in the same plane

3.2

manufacturer

assembler

individual or company responsible for the procurement of materials and components, as well
as all assembly process and verification operations necessary to ensure full compliance of
assemblies with this document

3.3
objective evidence
documentation agreed to between the user and the manufacturer

Note 1 to entry: The documentation can be in the form of a hard copy, computer data, computer algorithms, video
or other media.

3.4

process indicator

detectable anomaly, other than a defect, that is reflective of material, equipment, personnel,
process and/or workmanship variation
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3.5

proficiency

capability to perform tasks in accordance with the requirements and verification procedures
detailed in this document

3.6

shadowing

phenomenon where parts create a shadow of leads, lands, or other parts, which obstruct
heating at reflow soldering or spreading solder at flow soldering

3.7

supplier

individual or company responsible for assuring, to the manufacturer (assembler), full
compliance of components and base materials with the requirements and verification
procedures of this document

Note 1 to entry: Components include electronic, electromechanical, mechanical components, printed boards, etc.

Note 2 to entry: Base materials include solder, flux, cleaning agents, etc.

3.8

twist

deviation of a rectangular sheet, panel or printed board that occurs parallel to a diagonal
across its surface, so that one of the corners of the sheet is not in the plane that contains the
other three corners

3.9

user

procuring authority

individual, company or agency responsible for the procurement of electrical/electronic
hardware, and having the authority to define the class of equipment and any variation or
restrictions to the requirements of this document

EXAMPLE The originator/custodian of the contract detailing these requirements.
4 General requirements

4.1 Order of precedence
4.1.1 General remark

In the event of a conflict between the text of this standard and the applicable standard cited
herein, the text of this document shall take precedence. However, nothing in this document
supersedes applicable laws and regulations.

4.1.2 Conflict

In the event of conflict between the requirements of this document and the applicable
assembly documentation, the applicable user approved assembly documentation shall govern.
In the event of conflict between the requirements of this document and assembly
documentation that has not been approved, the differences shall be referred to the designated
user activity for approval. Upon such approval, the provisions shall be documented (by official
revision notice or equivalent) on the assembly documentation, which shall then govern.

4.1.3 Conformance documentation

Where this document requires documentary evidence to support conformance claims, each
record shall be retained and be available for inspection for a minimum of two years from the
date of the recorded occurrence (see ISO 9001).
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4.2 Interpretation of requirements

The introduction of product classification according to the levels and their end use (see 4.3)
permits the user to differentiate the performance requirements. When the user elects to
specify compliance with the mandatory requirements of this document, the following
conditions apply:

e unless otherwise specified by the user, the word "shall" signifies that the requirements are
mandatory,

e deviations from any "shall" requirement requires written acceptance by the user, for
example via assembly documentation, specification or contract provision. The word
“should” is used to indicate a recommendation or guidance statement. The word “may”
indicates an optional situation. Both “should” and “may” express non-mandatory situations.
“Will” is used to express a declaration of purpose.

4.3 Classification

This document recognizes that electrical and electronic assemblies are subject to
classifications by intended end-item use. Three general end-product levels have been
established to reflect differences in producibility, functional performance requirements, and
verification (inspection/test) frequency.

It should be recognized that there may be overlaps of equipment between levels. The user
(see 3.5) of the assemblies is responsible for determining the level to which the product
belongs. The contract shall specify the level required and indicate any exceptions or
additional requirements to the parameters, where appropriate.

Level A: General electronics products

Includes consumer products, some computer and computer peripherals, and hardware
suitable for applications where the major requirement is function of the completed assembly.

Level B: Dedicated service electronics products

Includes communications equipment, sophisticated business machines, and instruments
where high performance and extended life is required, and for which uninterrupted service is
desired but not mandatory. Typically, the end-use environment would not cause failures.

Level C: High-performance electronics products

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

IPC-A-610 shall be used as workmanship standard.

NOTE Level A corresponds to class 1 in IPC-A-610
Level B corresponds to class 2 in IPC-A-610

Level C corresponds to class 3 in IPC-A-610
4.4 Defects and process indicators

Table 5 lists the defects that are unacceptable and require attention (for example, rework,
repair). The manufacturer is responsible for identifying other areas of risk and treating those
additional concerns as additions to Table 5. Such items should be documented on the
assembly documentation. Other than the unacceptable defects listed in Table 5, anomalies
and variances from "shall" requirements are considered as process indicators, aﬁeceuments
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monitored when their occurrence is observed. The disposition of process indicators is not
required.

Workmanship requirements shall match the defined level of classification according to 4.3.
IPC-A-610 shall be used as workmanship standard.

4.5 Process control requirements

This document requires the use of process control methodologies in the planning
implementation and evaluation of the manufacturing processes used to produce soldered
electrical and electronic assemblies. The philosophy, implementation 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, subject to agreement by the user, may be
exempt from performing specific quality conformance evaluations and inspections, detailed in
this document, provided objective evidence of a comprehensive and current continuous
improvement plan is available (see 13.3).

4.6 Requirements flowdown

The applicable requirements of this document shall be imposed by each manufacturer or
supplier on all applicable subcontracts and purchase orders. The manufacturer or supplier
shall not impose or allow any variation from these requirements on subcontracts or purchase
orders other than those that have been approved by the user.

Unless otherwise specified, the requirements of this document are not imposed on the
procurement of off-the-shelf (catalogue) assemblies or subassemblies (see 14.3). However,
the manufacturer of these items may comply as deemed appropriate.

4.7 Physical designs
4.71 New designs

The printed board layout and mechanical and thermal structure of the electrical/electronic
assembly should, where relevant, be based on an appropriate design standard (for example
IEC 61188-5-1) or as approved by the user. When a manufacturer has objective evidence that
a revised layout will produce good end product quality that fulfills the requirements of this
document, the user and manufacturer should agree on the changes, and the layout should be
modified appropriately.

4.7.2 Existing designs

The requirements of this document should not constitute the sole cause for redesign of a
currently approved design. However, when existing electronic or electrical designs undergo
changes that have an impact on hardware configuration, the design of the latter shall be
reviewed and user-approved changes made that allow for maximum practical compliance. Any
manufacturer-proposed design changes shall be approved by the user; however, even though
the proposed changes result in compliance with this document and the manufacture of quality
end products, the user is under no obligation to accept the proposed redesign.

4.8 Visual aids

Line drawings and illustrations are depicted herein to assist in the interpretation of the written
requirements of this document. The written requirements take precedence.
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4.9 Proficiency of personnel
4.9.1 Design proficiency

The design facility shall have documentation which demonstrates that formal design training
for all technical workforce personnel has been accomplished. Training shall be given
irrespective of whether such personnel have direct responsibility for product
electronic/electrical design (see ISO 9001).

4.9.2 Manufacturing proficiency

Prior to commencing work, all instructors, operators and inspection personnel shall be pro-
ficient in the tasks to be performed. Objective evidence of that proficiency shall be maintained
and be available for review. Objective evidence shall include records of training for the
applicable job functions being performed, testing to the requirements of this document, and
results of periodic reviews of proficiency (see ISO 9001 and IPC-A-610).

4.10 Electrostatic discharge (ESD)

The ESD control programme shall be in accordance with IEC 61340-5-1 and
IEC/TR 61340-5-2. Documented procedures, electrostatic discharge control for the protection
of ESD sensitive electrical and electronic parts, components, assemblies and equipment shall
be maintained during, but not limited to:

a) receipt and test of incoming items;

b) board, component and parts storage and kitting;

¢) manufacturing and rework;

d) inspection and test cycles;

e) storage and shipping of completed product;

f) transport and installation.

Procedures for analysis of failures arising from ESD shall be documented and be available for
review by an authorized inspectorate.

4.11 Facilities
4.11.1 General

Cleanliness and ambient environments in all work areas shall be maintained at levels that
prevent contamination or deterioration of soldering tools, materials and surfaces to be
soldered. Eating, drinking and use of tobacco products or illegal drugs shall be prohibited in
the work area.

4.11.2 Environmental controls

The soldering facility should be enclosed, temperature and humidity controlled, and
maintained at a positive pressure.

4.11.3 Temperature and humidity

When relative humidity decreases to a level of 30 % or lower, the manufacturer shall verify
that electrostatic discharge control is adequate, and that sufficient moisture is present for flux
performance and solder paste applications. For operator comfort and solderability
maintenance, the temperature should be maintained between 18 °C and 30 °C and the
relative humidity should not exceed 70 %. For process control, the need for more restrictive
temperature and humidity limits should be evaluated.
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4.11.4 Lighting

[llumination at the working surface of manual soldering and inspection stations shall be
1 000 Im/m2 minimum.

4.11.5 Field conditions

In field operations, where the controlled environment conditions required by this document
cannot be achieved effectively, special precautions shall be taken to maximize the quality of
solder connections and minimize the effects of the uncontrolled environment on the operation
being performed on the hardware.

4.11.6 Clean rooms

The assembly of electronics may necessitate the use of clean rooms to ensure compliance
with the end production performance requirements of this document. If required, the class of
clean room shall be agreed upon between the user and the manufacturer.

4.12 Assembly tools and equipment
4.12.1 General

The manufacturer is responsible for the selection and maintenance of tools and equipment
used in the preparation and soldering of components and/or conductors. Tools used shall be
selected and maintained so that no damage results from their use. Tools and equipment
should be clean prior to use and be kept clean and free of dirt, grease, flux, oil and other
foreign matter during use. Soldering irons, equipment, and systems shall be chosen and
employed to provide temperature control and isolation from electrical overstress EOS or ESD
(see 4.10).

4.12.2 Process control

If suitable process controls are not in place to ensure compliance with 4.12 and the intent of
Annex A, the relevant detailed requirements of Annex A shall be mandatory. Assembly tools
and equipment shall be used in accordance with a documented process that is available for
user review. Assembly tools and equipment shall demonstrate process parameters as
described in the process documentation.

5 Requirements of materials

5.1 Overview

Materials used in the soldering processes stipulated in this document shall be as specified
hereinafter. Since the materials and processes specified can be incompatible in some
combinations, the manufacturer shall be responsible for selecting the combination of materials
and processes that will produce acceptable products.

5.2 Solder

Solder alloys conforming to IEC 61190-1-3 shall be used. Any alloy that provides the service
life, performance, reliability or regulatory requirements of the product may be used if all other
conditions of this document are met and agreed upon by user and manufacturer.

5.3 Flux

Flux shall be tested and classified in accordance with IEC 61190-1-1 or equivalent, into one of
the following three types:

L = low or no flux/flux residue activity;
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H = high flux/flux residue activity.

Types L or M flux shall be used for assembly soldering. For applications where the flux
residue will not be removed (no-clean), the use of an L flux meeting the requirements of 9.6.9
without cleaning (C00) is recommended (see 9.6.3.2).

Inorganic acid fluxes and type H fluxes may be used for tinning of terminals, solid wire and
sealed components. Inorganic acid fluxes may not be used for assembly soldering. Type H
fluxes may be used for soldering of terminals, solid wire and sealed components when
performed as part of an integrated fluxing, soldering, cleaning and cleanliness test system
and either of the following conditions is met:

a) usage is approved by the user;

b) data demonstrating compliance with the testing requirements of Annex B is available for

review.

When type H flux is used, cleaning is mandatory.

When liquid flux is used in conjunction with other fluxes, it shall be chemically compatible with
the other fluxes and materials with which it will be used. The flux of cored solder shall be in
accordance with this subclause. The percentage of flux in cored solder is optional.

5.4 Solder paste

Solder paste, solder powder and flux constituents shall meet the requirements of 5.2 and 5.3
and should be evaluated in accordance with IEC 61190-1-2 to meet the assembly process
requirements.

5.5 Preform solder

Preform solder shall meet all applicable requirements in 5.2 and 5.3.

5.6 Adhesives

Adhesive materials used for attachment of components shall be suitable for the application
and compatible with the assembly.

5.7 Cleaning agents
571 General

Cleaning agents used for the removal of grease, oil, wax, dirt, flux and other debris shall be
selected for their ability to remove flux residue, other residues and particulate contaminants.
The cleaning agents should not have aggressive chemicals and shall not degrade the
materials or the parts being cleaned. The cleaning process shall permit the assembly to meet
the cleaning requirements of 9.3.

5.7.2 Cleaning agents selection

Cleaning agents and mixtures of cleaning agents shall conform to all appropriate
specifications and references. Mixtures of cleaning agents may be used provided they are
suitably stabilized or inhibited.

The use of chlorinated solvents is not permitted. Water, water/alcohol or terpenes are to be
considered as first choice for cleaning applications. Any cleaning solvent shall comply with
applicable health, safety and environmental regulations.
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5.8 Polymeric coatings
5.8.1 Solder resists and localized maskants

Polymer solder resist coatings and temporary maskants in accordance with IEC 61249-8-8
shall be of a material that:

a) does not degrade solderability or the substrate material or printed wiring;

b) precludes solder flow to the masked area;

c) is compatible, if left in place, with printed board base material, conductive material, the
intended fluxes, adhesive and subsequently applied conformal coatings;

d) can, if temporary, be readily removed without post-removal residual contamination harmful
to the integrity of the printed board conformal coating, or assembly.

5.8.2 Conformal coating and encapsulants

Conformal coating requirements for assemblies, including the type of coating (i.e. the
material), shall be as specified on the approved assembly documentation. If edge coating is
specified on the assembly documentation, it shall conform to 11.1.2.7. Encapsulants shall be
suitable for the application and shall be compatible with the assembly.

5.8.3 Spacers (permanent and temporary)

Materials used as mechanical stand-offs shall withstand soldering processes and should
permit inspection of the solder joints (see 13.2.2.3). This requirement includes spacers that
should withstand temperatures generated due to self-heating of components. Location,
configuration and material shall be specified in the appropriate documentation.

5.9 Chemical strippers

Chemical solutions, pastes and creams used to strip solid wires shall not cause degradation
to the wire.

5.10 Cleaning Agents

The cleaning agents should not have aggressive chemicals and shall not degrade the
materials or the parts being cleaned. In addition, wires shall be neutralized and cleaned of
contaminants in accordance with the suppliers' recommended instructions, and shall be
solderable in accordance with 6.2.

5.11 Heat shrinkable soldering devices

Heat shrinkable soldering devices shall be self-sealing and shall encapsulate the solder
connection. Braided shield terminations shall be in accordance with detailed manufacturers’
work instructions that have been prepared to reflect the requirements documented on an
approved assembly documentation.

6 Components and printed board requirements

6.1 General

Electronic/mechanical components and printed boards shall conform to the requirements of
the procurement document; ensuring conformance shall be the responsibility of the assembly
manufacturer. Components and printed boards selected for assembly shall be compatible with
all materials and processes used to manufacture the assembly.

NOTE For further information, see IEC 62326-1, IEC 62326-4, IEC 62326-4-1 and IEC/PAS 62326-7-1.
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6.2 Solderability
6.2.1 Parts solderability

Solderability of parts shall be the responsibility of the supplier and shall meet the
requirements specified and agreed to by the manufacturer. Electronic/mechanical components
and wires shall meet solderability requirements when tested in accordance with
IEC 60068-2-20, IEC 60068-2-58 or equivalent; printed boards shall meet the requirements
when tested in accordance with IEC 61189-3 or equivalent.

Prior to acceptance of parts for storage or use, the manufacturer shall ensure that the parts to
be soldered have been solderability tested in accordance with a sampling plan and conform to
the requirements of the applicable solderability specification. The user should specify the
required solderability specification. Storage conditions shall comply with class 1K2 of
IEC 60721-3-1 and IEC 61760-2.

6.2.2 Reconditioning

When tinning and inspection is performed as part of the assembly process, that tinning
operation can be used in lieu of solderability testing (see 6.3).

6.2.3 Solderability testing of ceramic boards

Metallic elements of ceramic printed boards shall be tested for solderability as specified in
IEC 61189-3, or by using an equivalent method.

6.3 Solderability maintenance
6.3.1 General

The manufacturer shall ensure that all components, leads, wiring, terminals, and printed
boards which have met the requirements of 6.2 are solderable at the start of hand and/or
machine soldering operations. The manufacturer shall establish procedures to minimize
solderability degradation.

6.3.2 Preconditioning

Component leads, terminations, and terminals may be preconditioned (e.g. hot solder dipped)
to provide solderability maintenance.

6.3.3 Gold embrittlement of solder joints
6.3.3.1 General

To minimize the impact of embrittlement of solder from gold-plated items (e.g. component
leads, printed board lands), the total volume of gold in any solder joint shall not exceed 1,4 %
of the volume (i.e., 3 % by weight) of solder present.

If there is documented objective evidence, available for review, that there are no gold-related
solder embrittlement issues, or other metallic-surface finish solder-joint integrity problems
associated with the soldering process being used, the following requirements may be
eliminated.

6.3.3.2 Gold on component lead terminations
The manufacturer shall demonstrate compliance with the presoldering requirement:

a) all gold-plated leads/terminations and terminals have either been pre-tinned or the gold
has been otherwise removed from surfaces to be soldered, and/or
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b) the quantity of any residual gold present prior to soldering will not cause the limits given in
6.3.3 to be exceeded.

6.3.3.3 Tinning of leads/terminations

Tinning of leads/terminations shall not adversely affect the components. A double-tinning
process or dynamic solder wave should be used for effective gold removal.

The gold-removal process may be eliminated for components to be soldered using dip, wave,
or drag soldering processes provided that:

a) sufficient gold thickness exists to meet the solderability requirements in 6.2;

b) sufficient time, temperature and solder volume exist during the soldering process to
enable the requirements of 6.3.3 to be met.

6.3.3.4 Gold on printed board lands

The volume of gold deposited on any printed board land intended for soldering components or
terminals shall not cause the limits given in 6.3.3 to be violated.

6.3.4 Tinning of non-solderable parts

Component leads, terminations and printed boards not meeting the designated solderability
requirements shall be reworked by hot solder dip tinning or other suitable methods prior to
soldering. The reworked parts shall conform to the requirements of 6.2, except for steam
ageing. Tinned areas of wires shall not conceal the wire strand(s) with solder. Wicking of
solder under wire insulation shall be minimized. When required, heat sinks shall be applied to
leads of heat-sensitive parts during the tinning operation.

6.4 Solder purity maintenance

Solder used for preconditioning gold removal, tinning of parts, and machine soldering shall be
analyzed, replaced or replenished at a frequency to ensure compliance with the limits
specified in Table 1. The frequency of analysis should be determined on the basis of historical
data or monthly analyses. If contamination exceeds the limits of Table 1, intervals between
the analyses, replacement or replenishment shall be shortened. Records containing the
results of all analyses and solder bath usage (for example, total time in use, amount of
replacement solder required, or area throughput) shall be maintained for each process system
(see 4.1.3).
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Table 1 — Solder contamination limits; maximum contaminant limit
(percentage by weight)

Contaminant Preconditioning maximum Assembly Maximum Preconditioning and assembly
contaminant weight Contaminant Weight maximum contaminant
percentage limit Percentage Limit weight percentage limit
SnPb alloys SnPb alloys SACXXX lead-free alloys
Copper 0,7502 0,300 NoteP
Gold 0,500 0,200 0,200
Cadmium 0,010 0,005 0,005
Zinc 0,008 0,005 0,005
Aluminum 0,008 0,006 0,006
Antimony 0,500 0,500 0,200
Iron 0,020 0,020 0,020
Arsenic 0,030 0,030 0,030
Bismuth 0,250 0,250 0,250
Silver 0,750 0,100 4,000
Nickel 0,020 0,010 0,050
Palladium 0,004 0,004 0,004
Lead N/A N/A 0,100
The tin content of the solder bath shall be within £1 % of nominal for the solder specified and tested at the same
frequency as tested for copper/gold contamination. The balance of bath shall be lead or the items listed above.
The total of copper, gold, cadmium, zinc and aluminum contaminants shall not exceed 0,4 % for assembly
soldering.
NOTE When these metals are compositions of the solder alloy applied to the process, these are not considered
to be contaminants.
a  When tinning fine-pitch leaded devices, the copper ratio should not exceed 0,300 %.
b A maximum copper limit of 1,1 % may be specified as agreed between the user and the supplier. Printed
circuit assemblies that are characterized as thick and thermally demanding may potentially have plated
through-hole fill and/or solder joint defects due to the impact of copper on solder flow characteristics.

6.5 Lead preparation
6.5.1 General

The detailed requirements for lead forming and preparation are described in the following
subclauses.

6.5.2 Lead forming

The lead forming process shall not damage connections internal to components. The
preferred methods of lead forming given in the manufacturer’s specification shall be used. In
addition, component bodies, leads and lead seals shall not be degraded below the basic
component specification requirements.

6.5.3 Lead-forming limits

Whether leads are formed manually or by machine or die, components shall not be mounted if
the component lead has unwanted nicks or deformation in diameter or width exceeding 10 %
of the lead.

Exposed core metal is acceptable if the defect does not affect more than 5 % of the
solderable surface area of the lead. Occurrence of exposed basis metal in the formed area of
the lead shall be treated as a process indicator. Documents
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7 Assembly process requirements

71 Overview

Subclauses 7.2 to 7.6 deal with the requirements for the mounting of terminals, mechanical
and electronic components, and wires to printed boards or other packaging and
interconnecting structures. On assemblies using mixed component mounting technology,
through-hole components should be mounted on one side of the printed board. Surface-
mounted components may be mounted on either or both sides of the assembly.

When design restrictions mandate mounting components incapable of withstanding soldering
temperatures incident to a particular process, such components shall be mounted and
soldered to the assembly as a separate operation. In an assembly sequence where certain
components are mounted and soldered followed by additional mounting and soldering, the
appropriate steps shall be taken regarding cleaning of flux residues. If applicable, assemblies
shall be cleaned after each soldering operation so that subsequent placement and soldering
operations are not impaired by contamination (see Clause 9).

7.2 Cleanliness

The cleanliness of terminals, component leads, conductors, and printed wiring surfaces shall
be sufficient to ensure solderability and compatibility with subsequent processes. Cleaning
shall not damage the components, component leads, conductors or markings.

7.3 Part markings and reference designations

Part markings and reference designations shall be legible and components shall be mounted
in such a manner that markings are visible.

7.4 Solder connection contours

Designs that utilize special solder connection contours as a part of a coefficient of thermal
expansion (CTE) mismatch compensation system shall be identified on the approved
assembly documentation. The mounting technique shall be capable of performing with a
solder connection that meets the requirements of 10.3.

7.5 Moisture traps

Within the constraints imposed by component and part design, parts and components shall be
mounted to preclude the formation of moisture traps.

7.6 Thermal dissipation
When heat dissipation is required by the assembly, the material compatibility requirements of
Clause 5 shall be followed.

8 Assembly soldering requirements

8.1 General
8.1.1 Soldering process

Soldering processes, as specified herein, shall not result in damage to the components or
assemblies.
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8.1.2 Machine maintenance

Machines used in the soldering process shall be maintained to assure capability and
efficiency commensurate with design parameters established by the original equipment
manufacturer.

Maintenance procedures and schedules shall be documented in order to provide reproducible
processing.

8.1.3 Handling of parts

Parts shall be handled in a manner to preclude damage to terminations and to avoid the need
for subsequent lead straightening operations. Once parts are mounted on printed boards, the
assembly prior to soldering shall be handled, transported (for example by hand or conveyor)
and processed in a manner to preclude movement that would detrimentally affect the
formation of acceptable solder connections. After soldering operations have been performed,
the assembly shall be sufficiently cooled so that the solder is solidified prior to further
handling to prevent hot cracking of the solder.

8.1.4 Preheating

Assemblies should be preheated to minimize the presence of volatile solvents prior to
soldering, to reduce the temperature differences across the board, to reduce thermal shock to
boards and components, to improve solder flow, and to reduce the molten solder dwell time.
The preheat temperature exposure shall not degrade printed boards, components, or
soldering performance.

8.1.5 Carriers

Carriers used for the transport of printed boards through the assembly line shall be of such
material, design, and configuration that they will not impair solderability or cause board, part
or component degradation or electrostatic damage (ESD) to components.

8.1.6 Hold down of surface mount leads

Short, stiff or thick surface-mounted device leads shall not be held down under stress (for
example by probes) during solder solidification so that the resulting initial stresses decrease
reliability. The resistance reflow system (e.g. parallel gap, shorted bar, thermal transfer)
should not deflect the leads more than twice the lead thickness. For short or thick leads, the
deflection should be less than twice the lead thickness.

8.1.7 Heat application

The elements to be soldered shall be sufficiently heated to cause complete melting of the
solder and wetting of the surface being soldered.

8.1.8 Cooling

The connection shall not be subjected to detrimental movement or detrimental stress at any
time during the solidification of the solder. Controlled cooling may be used with documented
processes.

8.2 Reflow soldering
8.2.1 Requirements

The detailed requirements for reflow soldering operations are defined subclauses 8.2.2 to
8.2.4. Methods for reflowing solder for attachment of surface-mounted devices include, but
are not limited to, infrared, vapour phase, convection (hot air/gas), laser, thermode (hot bar)

or conduction. These should provide: Documents
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a) the capability to apply controlled pre-heat to printed wiring assemblies;

b) the thermal capacity to raise and maintain the soldering temperatures for the range of
component thermal masses and solder joint sizes to within +5 °C of their selected
temperature profile, throughout the span of the required continuous soldering production
run;

c) within the constraints of thermal shock limitation requirements, to heat rapidly the surfaces
to be joined and to cool them thereafter;

d) to minimize the effects of shadowing and colour on individual component-heating rates.
8.2.2 Process development for reflow soldering

Manufacturers shall establish and maintain a reflow soldering process that is repeatable
within limits defined for the process equipment. A reflow soldering process instruction shall
also be developed and maintained. The manufacturer shall perform the reflow soldering
operations in accordance with these process instructions. The process shall include, as a
minimum, a reproducible time/temperature envelope including the drying/degassing operation
(when required), preheating operation (when required), solder reflow operation, and a cooling
operation. These steps may be part of an integral or in-line system or may be accomplished
by a series of separate operations. If the temperature/time profile is adjusted for a different
printed wiring assembly, or another assembly variation, the setting to be used shall be
documented.

8.2.3 Flux application

Flux, when used, shall be applied prior to formation of the final solder connection. Flux may
be a constituent of the solder paste or preform solder. Any flux meeting the requirements of
5.3 may be used provided that

a) the flux or combination of fluxes does not damage parts,

b) the subsequent cleaning processes (if required) shall be sufficient to comply with the
cleanliness requirements in Clause 9 and not be detrimental to the product.

8.24 Solder application
8.2.41 Workmanship

Enough solder shall be applied to components or boards or both to ensure that sufficient
quantity is in place during reflow to meet the workmanship requirements.

8.2.4.2 Solder paste application

Methods for applying solder paste on surface-mount land pattern areas include, but are not
limited to, screen or stencil printing, dispensing, or pin transfer. Solder paste shall be handled
in accordance with the material supplier's recommendation to ensure proper performance. Re-
use or mixing of solder paste exposed for excessive periods (for example 1 h to 24 h
depending on the material) with fresh paste should be avoided.

8.2.4.3 Solid solder deposition (SSD)

Surface-mount land patterns can be coated with a defined amount of solder during the printed
board's manufacturing process.

Different methods of solder application are permissible, for example:

a) plating of SnPb; it shall not be applied to lead-free soldering;

b) screen or stencil printing of solder paste followed by a reflow solder process. This process
can be used with or without a flattening operation of the reflowed solder pads;

c) application of molten solder; Documents
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d) application of solder particles in an adherent flux (solid solder deposit technology).
The characteristics of the solid solder deposit on land patterns are the following:

e) the applied solder has a plated or molten intermetallic bond to the surface mounting
device (SMD) land pattern;

f) the applied thickness of the solder is sufficient for a reliable reflow solder joint;
g) the solder is applied with sufficient precision to the SMD land pattern;

h) the flatness of deposited solder shall be suitable for the applicable component, for
example fine-pitch devices require better flatness than most other components.

The amount of the solder shall be specified.

8.3 Manual/hand soldering
8.3.1 Non-reflow manual soldering
8.3.1.1 Flux application

If used, liquid flux shall be applied to the surfaces to be joined, prior to the application of heat.
The use of excess flux should be avoided. When cored solder is used, it shall be placed in a
position that allows the flux to flow and cover the connection elements as the solder melts.
When an external liquid flux is used in conjunction with flux cored solders, the fluxes shall be
compatible.

8.3.1.2 Solder application

A well-tinned tip (see 4.12) shall be applied to the joint and the solder introduced at the
junction of the tip and the connection for maximum heat transfer. After applying heat and
achieving heat transfer, the solder should be applied to the joint and not the soldering iron tip.
Solder is supplied to a surface of the joint that is located to the left of the heating position.
The method of application should be such that no solder is deposited on the body of
component. The solder and the soldering iron tip shall be quickly pulled apart from the joint
metal. Solder shall only be applied to one side of a plated through-hole. The temperature of
the soldering tip shall not exceed the specific working temperature. The application of heat
should be within the restricted temperature and time specified. Heat may be applied to both
sides of the plated through-hole. Some hand-soldering applications may require preheating to
prevent damage to components.

8.3.1.3 Heat sinks

When hand soldering is being carried out close to the body of heat-sensitive devices, a heat
sink should be used between the soldering iron tip and the component body as necessary to
restrict heat flow into the component.

8.3.1.4 Solder wicking

Limited solder wicking during soldering of wire is permissible. Solder wicking shall not extend
to a portion of the wire that is required to remain flexible.

8.3.2 Reflow manual soldering
8.3.2.1 Solder applications

Enough solder shall be applied to components, or boards, or both to ensure that sufficient
quantity is in place during reflow to meet the end product requirements. Methods for solder
application include dispensing or pin transfer of solder paste, or use of solder wire or
preforms. Land patterns to which solder is applied shall be clean prior to solder application
reflow methods.
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8.3.2.2 Reflow methods

Manufacturers shall establish a reflow soldering process that is repeatable within the limits
defined for the hand soldering reflow equipment (for example hot air or gas, infrared). The
reflow process instructions shall be developed and maintained and shall be performed in
accordance with these process instructions.

The process shall include as a minimum a reproducible time/temperature envelope that
includes the drying/degassing operation (when required). Reflow methods include hot air/gas
guns, solder irons, or hot bar (thermode) or laser operations.

8.3.2.3 Shielding

When manual reflow soldering is performed, appropriate shielding should be provided so that
adjacent components (next to the parts being joined) are not damaged or that the solder joints
of adjacent components are not reflowed again.

9 Cleanliness and residue requirements

9.1 General

When the cleanliness designator (see 9.2.2) specifies cleaning option C-0 (no surface to be
cleaned), the soldered assembly shall meet the visual inspection requirements of 9.3 except
that evidence of flux residue is permitted.

If cleaning is required during and after processing, parts, subassemblies, and final assemblies
shall be cleaned within a time frame that permits appropriate removal of contaminants,
especially flux residue.

All items cleaned shall be cleaned in a manner that will prevent detrimental thermal shock and
intrusion of cleaning media into components that are not totally sealed. The assembly
cleaning shall be capable of meeting the cleanliness requirements as specified herein.

The cleaning media and equipment shall be selected for their ability to remove the
contaminations and shall not degrade the materials, markings or parts being cleaned.

9.2 Qualified cleaning/manufacturing process

9.2.1 General

Unless otherwise specified by the user, the manufacturer shall qualify soldering and/or
cleaning processes that result in acceptable levels of flux and other residues. Objective
evidence shall be available for review. See J-STD-001 Appendix C for examples of objective
evidence.

NOTE 1 Objective evidence can be provided by Surface-Insulation (SIR) testing of electronic assemblies following
applicable standards or IPC-9202.

NOTE 2 Process ionic contamination test (PICT) data (or resistivity of solvent extract (ROSE) test data) can be
used as a process control tool, but such test data alone cannot be used for prediction of assembly reliability under
high-temperature/high-humidity environments.

Process ionic contamination test (PICT) data (or resistivity of solvent extract (ROSE) test data)
using the historical acceptance value of 1,56 pg/cm2 NaCl equivalence with no other objective
evidence shall not be considered as acceptable objective evidence.

Unless otherwise specified by design, or by the user, the acceptability of the residue condition
shall be determined at the point of the manufacturing process just prior to the application of
conformal coating, or on the final assembly if conformal coating is not applied. Rework
processes shall be included in the process qualification.
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9.2.2 Cleaning designator

Unless otherwise specified by the user or the design authority, the manufacturer should
specify a cleanliness designator that establishes the cleaning requirements and the process
control tests for residues. The cleanliness designator is a 2-digit (minimum) code which
describes the cleanliness requirements for all assemblies covered under this document. This
code begins with letter C and then a dash followed by two or more digits.

The first digit represents the cleaning option in accordance with Table 2

Table 2 — Designation of surfaces to be cleaned

0 No surfaces are to be cleaned

1 One side (solder source side) is to be
cleaned

2 Both sides of the assembly are to be cleaned

The second and following digits indicate the requirements for process control of residues in
accordance with Table 3

Table 3 — Residue testing for process control

0 No test required

1 Test for rosin residues required

2 Test for ionic residues required

3 Test for surface insulation resistance as agreed between the user and

the manufacturer

4 Test for surface organic contaminants as agreed between the user and
the manufacturer

5 Other testing as agreed between the user and the manufacturer

In the absence of a specific cleaning designator, the designator C-22 shall apply. A cleaning
designator of C-00 defines a so-called "no clean" process with no testing of residues.

9.2.3 Upper specification limit

When a manufacturing process has been defined and qualified in accordance with 9.2 and
when ionic residue testing is required, ionic process specification limits shall be determined
as follows.

An upper specification limit (USL), based on test data or historical data for the process, shall
be established. Any other USL shall be agreed between the user and the manufacturer.

If a USL based on test data is to be used, the manufacturer shall determine a statistically
based sampling plan for measuring ionic residues using resistivity of solvent extract (ROSE)
testing or other methods as agreed between the user and the manufacturer.

9.3 Visual requirements
Assemblies shall be free of dirt, lint, solder splash, dross, etc. Solder balls shall not reduce

the minimum design electrical spacing and shall be fixed to the board surface. Solder balls
shall not degrade electrical performance characteristics.

Documents

Document Sharing Hub

Full document details: IEC 61191-12018


http://www.avadocuments.com/doc/iec-61191-1-2018
http://www.avadocuments.com/doc/iec-61191-1-2018

— 26 — IEC 61191-1:2018 © IEC 2018

Surfaces cleaned should be inspected without magnification and shall be free of visual
evidence of flux residues or other contaminants. Surfaces not cleaned may have evidence of
flux residues.

9.4 Correlation of ionic testers

If more than one ionic tester is used for judging product residue levels for the same product, a
correlation study between the ionic testers shall be performed.

9.5 Non-ionic residues

All other residue requirements shall be agreed between the user and the manufacturer. The
agreement should include the test method, the test parameters and the pass-fail criteria.

When rosin flux residue testing is required, assemblies shall be tested in accordance with
IEC 61189-1 and IEC 61189-3 (see Annex B of this document) and shall comply with the
requirements in Table 4 for the maximum allowable level of rosin flux residues.

Table 4 — Maximum acceptable rosin flux residues

Level A 200 pg/cm?
Level B 100 pg/cm?
Level C 40 pg/cm?

When surface organic contamination testing is required, the test shall be performed in
accordance with applicable standards and IEC 61189-3 (see Annex B of this document) and
shall not exceed the maximum acceptance level agreed between the user and the
manufacturer.

9.6 SIR testing

When surface insulation resistance testing (SIR) is required, test specimens processed in
exactly the same manner as the assemblies being produced shall be tested for the effect of
the contamination on the electrical insulation resistance of printed boards under high
temperature and humidity in accordance with IEC 61189-5-502 and IEC 61189-3 (see Annex
B) or another documented method agreed between user and manufacturer that determines
test specimen, test conditions and pass-fail criteria and is available for review.

NOTE 1 |EC 61189-5-502 under preparation.
10 Assembly requirements

10.1 General

Boards, components and processes described and specified in Clauses 4 to 9 provide for
soldered interconnections that are better than the minimum acceptance requirements of this
clause. Processes and their controls should be capable of producing a product meeting or
exceeding the acceptance criteria for a level C product. However, soldered connections shall
meet the product level (A, B or C) acceptance requirements specified by user.

10.2 Acceptance requirements
10.2.1 Process control
The manufacturer shall either:

a) have a process control plan in accordance with 13.3; or
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b) perform 100 % visual inspection to the requirements of 10.3. If defects and process
indicators exceed the corrective action limits specified in 10.2.2 for their respective level
of opportunities (10.2.3), the manufacturer shall initiate corrective action to reduce their
occurrence. For corrective action calculations, no more than one defect characteristic (see
Table 2) or process indicator shall be attributed to a particular interconnection site (for
example lead-to-land, via, lead-in-hole).

If the limits specified in this document are met, it is likely that the reliability of the joint has a
high possibility of meeting the assembly expectations. However, the user has the
responsibility for determining true reliability requirements based on design and end product
usage.

10.2.2 Corrective action limits
Corrective action shall be initiated if

a) defects listed in Table 2 exceed 0,3 % of the possibilities for their occurrence, and if
b) process indicators (see 4.4) exceed 3,0 % of the total opportunities for their occurrence.
c) As a minimum, the following general process indicator occurrences shall be monitored:
1) markings (10.3.3);
2) voids and blow holes (10.3.5);
3) lead outline visibility (10.3.5);
4) via interfacial connection wetting (10.3.6);
5) other process indicators defined in the sectional specifications; and
6) solder quantity.

10.2.3 Control limit determination

The total number of interconnection sites shall be used as the measure to which the
percentage of defects or process indicators is applied. These calculations consider each
surface mount termination, each through-hole termination, and each terminal termination as a
single opportunity for determining the total number of opportunities for a given printed board
assembly.

10.3 General assembly requirements
10.3.1 Assembly integrity

All products shall meet the requirements of the assembly documentation. The electrical and
mechanical integrity and the reliability of all components and assemblies shall be retained
after exposure to all processes employed during manufacture and assembly (for example
handling, fixing, soldering and cleaning).

10.3.2 Assembly damage
10.3.2.1 Assembly requirements

Assembly damage to electronic and mechanical devices shall not exceed the requirements
given in the present document and in IEC 61191-2, IEC 61191-3, IEC 61191-4.

Printed boards shall show no evidence of burning, blistering, or delamination as referenced in
IEC 62326-1. Laminate scratches shall be treated as weave exposure.

10.3.2.2 Unacceptable assembly defects

The following defects can be found in printed wiring assemblies: measles, crazing, blistering,
delamination, weave exposure, haloing, edge delamination, and lifted lands or contbctors.
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