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Solderability Tests for Printed Boards

1 GENERAL

1.1 Scope This standard prescribes test methods, defect definitions, and illustrations for assessing the solderability of
printed wiring board surface conductors, attachment lands, and plated-through holes. This standard is intended for use by
both vendor and user.

This standard is not intended to verify the potential of successful processing at assembly or to evaluate design impact on
wettability. This specification describes procedures or methods to determine the acceptable wettability of a surface finish.
Wettability can be affected by handling, finish application, and environmental conditions.

1.2 Purpose This standard describes solderability determinations that are made to verify that the printed board fabrication
processes and subsequent storage have had no adverse effect on the solderability of those portions of the printed board
intended to be soldered. Reference coupons or representative portions of a printed board may be used. Solderability is deter-
mined by evaluation of a test specimen which has been processed as part of a panel of boards and subsequently removed
for testing per the method selected.

1.3 Objective To provide solderability test methods to determine the acceptance of printed board surface conductors,
attachment lands, and plated-through holes to wet easily with solder, and to withstand the rigors of the printed board assem-
bly processes.

1.3.1 Definition of Requirements The word ‘“‘shall” is used in the text of this document wherever there is a requirement
for materials, preparation, process control, or acceptance of a soldered connection or a test method. The word ‘should”
reflects “‘best processing techniques” and is used to reflect general industry practices and a suggestion for guidance only.

1.3.2 Document Hierarchy In the event of conflict, the following descending order of precedence applies:

a. Procurement documentation as agreed between user and supplier, which should include expected shelf life requirements
if stored and handled properly.

b. Master drawing or master assembly drawing reflecting the user’s detailed requirements.

c. When required by the customer or per contractual agreement, this document, J-STD-003.

d. Other documents, to the extent specified by the customer.

1.4 Classification Three general classes have been established to reflect progressive increases in sophistication, functional
performance requirements, and testing/ inspection frequency as defined in the IPC-6010 series of documents.

The user is responsible for defining the product class. The product class should be stated in the procurement documentation
package.

CLASS 1 General Electronic Products
Includes products suitable for applications where the major requirement is function of the completed assembly.

CLASS 2 Dedicated Service Electronic Products
Includes products where continued performance and extended life is required, and for which uninterrupted service is desired
but not critical. Typically the end-use environment would not cause failures.

CLASS 3 High Performance Electronic Products

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

Circuit board performance classes do not dictate the surface finish durability rating that may be specified. Category 2/
Category A durability is the default coating durability rating. oCu ments
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This specification relies on input from the 4-14 plating process subcommittee and the 4500 series of printed board surface
finish documents generated in that subcommittee to determine the durability rating potential for each specified finish. This
document and the appropriate 4500 series document should be considered complimentary to one another.

1.5 Test Method Classification This standard describes test methods by which the surface conductors, attachment lands,
and plated-through holes may be evaluated for solderability. Edge Dip, Wave Solder, Surface Mount Simulation, and Wet-
ting Balance testing can be used for both tin-lead (SnPb) and SAC 305 alloys.

Edge Dip and Surface Mount Simulation testing procedures are to be used as ‘“default” solderability tests. Provisions are
made for this determination to be performed at the time of manufacture, at the receipt of the boards by the user, or prior to
assembly and soldering. User and vendor shall agree to the appropriate method and timing to be used as a representative
correlation and/or requirement.

Solder float testing has been shown, following extensive round robin testing, not to have an acceptable Gauge Repeat-
ability & Reproducibility (G R&R) value and the validity of the results achieved as part of conformance testing are consid-
ered questionable. It is strongly suggested to utilize the ‘“‘solder sample’ printed board (PB) sent by the board supplier for
wave solder testing at the production site to ensure an accurate result.

Standard dwell times are defined in some of the methods called out in this standard. It should be noted that these times are
a range based on a ‘“‘thermal mass” demand of the sample being tested (see 6.2).

The following tests apply to both Tin Lead Solder Alloy (SnPb) and Lead Free (Pb-Free) Solder Alloy (SAC 305).

The following tests are considered destructive tests. Tested printed wiring boards (PWBs) should not be used in further
production steps.

1.5.1 Visual Acceptance Criteria Tests

Edge Dip Test For surface conductors and attachment lands only (see 4.2.1).

Wave Solder Test For plated-through holes, surface conductors and attachment lands, solder source side (see 4.2.2).
Surface Mount Simulation Test For surface conductors and attachment lands (see 4.2.3).

Solder Float Test For conformance testing only per the requirements of IPC-6010 series (see 4.4.1).

1.5.2 Force Measurement Criteria Tests

Wetting Balance Test For surface conductors and attachment lands (see 4.3.1). Through hole solderability may be evalu-
ated by wetting balance, but there are no defined pass/fail criteria for wetting force or wetting time.

1.6 Test Method Selection For appropriate test selection refer to 1.5 and Table 1-1. The test selection should consider the
final soldering process method and conditions (e.g., soldering alloy, temperature and dwell time). The results of the testing
should represent this process.

1.6.1 New Surface Finishes Not Covered in 6010 or by 4500 Series Documents The industry continues to develop new
and novel surface finishes that have been found in some instances not to be compatible with the liquid test fluxes #1 and
#2 for solderability evaluation. For surface finishes that fall into this category, the test method and flux used for solder-
ability evaluation shall be as agreed between user and supplier (AABUS).

1.7 Test Specimen Requirements The test specimen shall be a representative test specimen, a portion of the printed
board being tested, or a whole board if within size limits, such that the immersion depth defined in the individual method
is possible. The test specimen shall be representative of the lot being tested. When this test specimen is to be used as a
criterion for material acceptance, the number of test specimens shall be defined by agreement between the user and vendor.

Test specimens that may be used for rigid board surface solderability and plated-through hole solderability are detailed in
the paragraph sections under the individual test methods. Similar test specimens may be used provided they reflect the board
circuitry, hole, and construction and have been processed in conjunction with the printed board being evaluated. The test
specimen to be used should be AABUS.

Unless otherwise specified, the land associated with a plated-through hole shall be considered part of the plated-through hole
if it is used for through-hole attachment. In this case, only tests for hole solderability apply. If the land is used for surface
attachment of parts, then such lands shall be tested for both hole and surface solderability. oCu ments
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Table 1-1 Solderability Test Method Selection

Pre-Conditioning Alternative Applies to Surface Plated Through
Test Method Surface Finish Default Conditioning Features Holes
Pb-Containing Steam exposure? NA Yes NA
Edge dip test b Reflow Simulation
All other 8 hours (3.4.2) 2X (3.4.2)° Yes NA
Pb-Containing Steam exposure® NA Yes (solder source Yes
side only)
Wave solder Reflow Simulati Yes (sold
b eflow Simulation es (solder source
All other 8 hours (3.4.2) 2X (3.4.2)° side only) Yes
Pb-Containing Steam exposure?® NA Yes NA
Surface mount Reflow Simulati
simulation b eflow simufation
All other 8 hours (3.4.2) 2X (3.4.2)° Yes NA
Solder float test Pb-Containin Not applicable NA Yes (solder source Yes
(compliance g PP side only)
to IPC-601X ) Yes (solder source
series only) All other Not applicable NA side only) Yes
Tests with Force Measurement Criteria (refer to 1.5.2)
Pb-Containing Steam exposure?® NA Yes NA
Wetting balance b Reflow Simulation
All other 8 hours (3.4.2) 2X (3.4.2)° Yes NA

The use of the preconditioning stressing shall be restricted to the following:

a. Steam exposure precondition for Pb-bearing surface finish requirements only. The requirements should be listed in the procurement documentation.

b. PWBs that are less than eight weeks older than the date code on the lot, unless AABUS. Pb-containing surface finishes are HASL and reflowed plated
SnPb. All other surface finished currently include; ENIIS, ENEPIG, | Ag, | Sn, OSP, Pb-free, HAL, E Pd, NiAu, and Electroless AU.

1.8 Coating Durability - SnPb Containing (HASL and Plated and Reflowed SnPb) Surface Finishes Shelf life criteria is
applicable only to surface finishes that contain SnPb. Data exists to show that, for surface finishes containing SnPb, expo-
sure to 8 hours of steam equates to one year of shelf life, this primarily being a function of copper-tin (CuSn) intermetallic
growth within the structure. The use of the coating durability rankings with time as an integral component of the definition
can only be applied to them and are as follows:

Category 1: Minimum Coating Durability: Intended to be soldered within 30 days from the date of manufacture and are
likely to experience minimal thermal exposures, i.e., a single reflow or wave solder assembly.

Category 2: Average Coating Durability: Intended for boards likely to experience storage up to six months from the date
of manufacture and moderate thermal or solder exposures. This is the default coating rating.

iCategory 3: Maximum Coating Durability: Intended for boards likely to experience long storage (over six months) from
the date of manufacture, severe thermal or soldering process steps, or other extreme stresses. It should be recognized that
f[here may be a cost premium or delivery delay associated with boards ordered to this durability level. See Table 1-2 for final
finish stressing conditions.

Table 1-2 Final Finish Conditioning/ Stress Testing for Category 3 Durability

Surface Finish Default Stressing Acceptable Alternative
HASL (SnPb)/ Reflowed SnPb 8 hours of steam exposure 2X reflow per IPC-TM-650, 2.6.27
HAL (Pb-free) 8 hours of 72 °C [162 °F]/85% R.H 2X reflow per IPC-TM-650, 2.6.27
ENIG 8 hours of 72 °C [162 °F]/85% R.H 2X reflow per IPC-TM-650, 2.6.27
ENEPIG 8 hours of 72 °C [162 °F]/85% R.H 2X reflow per IPC-TM-650, 2.6.27
I Ag 8 hours of 72 °C [162 °F]/85% R.H 2X reflow per IPC-TM-650, 2.6.27
| Sn 8 hours of 72 °C [162 °F]/85% R.H 2X reflow per IPC-TM-650, 2.6.27
OSP 8 hours of 72 °C [162 °F]/85% R.H 2X reflow per IPC-TM-650, 2.6.27
E Pd 8 hours of 72 °C [162 °F]/85% R.H 2X reflow per IPC-TM-650, 2.6.27
NiAu 8 hours of 72 °C [162 °F]/85% R.H 2X reflow per IPC-TM-650, 2.6.27
Other 8 hours of 72 °C [162 °F]/85% R.H 2X reflow per IPC-TM-650, 2.6.27
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1.9 Coating Durability - Non-SnPb Surface Finishes There are no correlations between steam exposure and either shelf
life or processability with the alternate surface finishes currently in use. Steam exposure will render most of the alternate
surface finishes unsolderable after only 1 hour of exposure.

The robustness of the surface finish shall be defined in the appropriate IPC-4550 series document. It is noted that the 4-14
Plating Process Subcommittee usually specifies the surface finish for maximum coating durability and robustness as the
default, with some exceptions. Stressing of surface finishes prior to solderability testing is used to provide a determination
of robustness of the finish that may be used to evaluate the quality of a surface finish and the likelihood for assembly related
issues with multiple thermal excursions and/or complex assembly processes. It may also be used to compare the performance
of similar surface finishes from different suppliers. Exposure to the stressing protocols is not intended to predict shelf life
of a surface finish. It may be inferred that successful testing of a surface finish post stressing and stored according to the
manufacturers recommendations should allow the surface finish to meet industry requirements for one year of shelf life
unless otherwise stated in an appropriate IPC-4500 series document. Coating Durability A is considered the default condi-
tion.

Coating Durability A: Intended for boards likely to experience moderate assembly processes including Pb-free assembly,
typically a single reflow or wave assembly.

Coating Durability B: Intended for boards likely to experience multiple soldering and/or other process steps using SnPb
or Pb-free assembly profiles when defined in the procurement documentation.

Following stressing in humidity and/or steam exposure as appropriate, the boards shall be baked for 1 hour at 105 °C prior
to testing.
Requirement Post Stressing:

a. For the Edge Dip Test A: Each and every feature to exhibit wetting with the minimum of 95% of each feature show-
ing uniform smooth coverage. All holes shall show evidence of wetting.

b. For the Wave Solder Test: All SMT pads on the wave side of the board and holes shall wet and fill and meet the
requirements of the test.

c. For the Surface Mount Simulation Test: Where paste is applied, there shall be evidence of at least 95% of each pad
wetting.

d. For the Wetting Balance Test: There shall be evidence of positive wetting with an allowable increase in wetting time
of 2X that of the non-stressed samples. The final wetting force shall be at least 70% that of the non-stressed samples.

e. For IPC-6010 Compliance Testing: Holes shall show evidence of wetting and meet the fill percentage requirements of
Class 1, 2, or 3.

2 APPLICABLE DOCUMENTS

The following documents of the issue currently in effect form a part of this standard to the extent specified herein.
2.1 Industry

2.1.1 IPC

IPC-T-50 Terms and Definitions

IPC-TM-650 Test Methods Manual

IPC-1601 Printed Board Handling and Storage Guidelines

2.2 Joint Industry Standards2

J-STD-002 Solderability Tests for Component Leads, Terminations, Lugs, Terminals and Wires

J-STD-005 Requirements for Soldering Pastes

J-STD-006 Requirements for Electronic Grade Solder Alloys and Fluxed and Non-Fluxed Solid Solders for Electronic Sol-
dering Applications

1. www.ipc.org

2. www.ipc.org DOCU ments
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3 REQUIREMENTS

8.1 Terms and Definitions The definition of terms shall be
in accordance with IPC-T-50. Terms that have been repeated SOLDER
from IPC-T-50 for convenience are indicated by an asterisk LARGE CONTAGT
(). ANGLE x
SMALL CONTACT

i ANGLE
3.1.1 Contact Angle, Soldering* The angle of a solder fillet 777 777 77
that is enclosed between a plane that is tangent to the solder/ IPC-003¢-3-1

b'as1.s-rnetal surface. and a plane that is tangent to the solder/ Figure 3-1 Contact Angle
air interface (see Figure 3-1).

3.1.2 Dewetting* A condition that results when molten solder coats a surface and then recedes to leave irregularly-shaped
mounds of solder that are separated by areas that are covered with a thin film of solder and with the basis metal not exposed.

3.1.3 Dissolution of Component Metallization (Leaching) The loss or removal of metallization from an area on the basis
or substrate material after immersion in molten solder.

3.1.4 Equilibrium Wetting The degree of wetting in which the forces of wetting are in balance with the forces of gravity.
3.1.5 Nonwetting, Solder* The inability of molten solder to form a metallic bond with the basis metal.

3.1.6 Pinhole* An imperfection in the form of a small hole that penetrates through a layer of material.

3.1.7 Solderability* The ability of a metal to be wetted by molten solder.

3.1.8 Solder Connection Pinhole* A small hole that penetrates from the surface of a solder connection to a void of inde- .
terminate size within the solder connection. :

3.1.9 Wetting, Solder* The formation of a relatively uniform, smooth, unbroken, and adherent film of solder to a base
metal. :

3.2 Materials

3.2.1 Solder For SnPb testing, the solder composition shall be Sn60Pb40 or Sn63Pb37 per J-STD-006. The composition
of the solder, including contamination levels, shall be maintained during testing per 3.5.2.

For Pb-free testing, the solder composition shall be Sn96.5Ag3.0Cu0.5 (SAC305), allowing variation of the Ag content
between 3.0-4.0 wt% and Cu content between 0.5-1.0 wt% with the balance being Sn per J-STD-006. If no Pb-free solder
alloy is specified, the default solder composition shall be Sn96.5Ag3.0Cu0.5 (SAC305) per J-STD-006. Other Pb-free sol-
der alloys may be used AABUS.

The composition of the SnPb solder paste to be used for surface mount simulation shall be Sn60Pb40 or Sn63Pb37 for SnPb
per J-STD-005, flux type ROL1. The solder paste shall meet the storage and shelf life requirements of the manufacturer’s
specification. The composition of the Pb-free solder paste to be used for surface mount simulation shall be
Sn96.5Ag3.0Cu0.5 (SAC305), allowing variation of the Ag content between 3.0 - 4.0 wt% and Cu content between 0.5 - 1.0
wt% with the balance being Sn per J-STD-005. If no Pb-free solder paste is specified, the default composition shall be
Sn96.5Ag3.0Cu0.5 (SAC305) per J-STD-005, flux type to be AABUS. Other Pb-free paste solder alloys may be used
AABUS. The solder paste shall meet the storage and shelf life requirements of the manufacturer’s specification.

8.2.2 Flux The flux for tin/lead solderability tests shall be standard activated rosin flux #1 having a composition of 25%
+ 0.5% by weight of colophony and 0.15% =+ 0.01% by weight diethylammonium hydrochloride (CAS 660-68-4), in 74.85%
+ 0.5% by weight of isopropyl alcohol (see Table 3-1).

The flux for lead-free solderability tests shall be standard activated rosin flux #2 having a composition of 25% + 0.5% by
weight of colophony and 0.39% + 0.01% by weight diethylammonium hydrochloride (CAS 660-68-4), in 74.61% + 0.5%
by weight of isopropyl alcohol (see Table 3-1). Ocuments
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Table 3-1 Flux Composition

Composition by Weight Percent
Constituent Flux #1 Flux #2
Colophony 25+ 0.5 25+ 0.5
Diethylammonium Hydrochloride 0.15 = 0.01 0.39 = 0.01
Isopropyl Alcohol (IPA) Balance Balance
Weight of Chlorine as % of solids 0.2 0.5

Note: APPENDIX C: Informative Annex contains a listing of industry test flux product sources.

3.2.2.1 Flux Maintenance Standard activated rosin fluxes #1 and #2 shall be covered when not in use and discarded after
eight hours, or the flux shall be maintained to a specific gravity of 0.843 + 0.005 at 25 + 2 °C [77 = 3.6 °F] and discarded
after one week of use.

3.2.3 Flux Removal Material used for cleaning printed boards after solderability testing and prior to solderability evalua-
tions shall be capable of removing visible flux residues.

3.3 Equipment The following criteria applies to all methods and equipment (see Appendix C for a list of equipment
sources). Equipment that is specific to any of the solderability test methods is described within the method details.

3.3.1 Pre-Conditioning Equipment The conditioning equipment shall be

ca PR P . . 20 15 10 5 O
pable of maintaining the temperature and humidity parameters specified in

3.4.2. The test specimens shall be suspended so that no portion of the test | ‘ ‘ ‘ |

specimen is within 40 mm [1.57 in] of the test chamber walls. The non- —0
metallic holders shall support the test specimens between vertical and a 45°
angle during exposure. Care shall be taken to not exceed the capacity of the —5
conditioning equipment. Excessive or improper loading will cause condensa-
tion on the surfaces of the test specimens. —10
When reflow simulation is required as a preconditioning requirement, the —15
minimum machine characteristics of the oven should be comparable to the
most current documentation in the IPC-TM-650, Test Method 2.6.27, Ther- —20
mal Stress, Convection Reflow Assembly Simulation.
—25
3.3.2 Solder Pot/Bath A thermostatically controlled static solder bath
shall be used of adequate dimensions to accommodate the test specimens. —30
The solder bath shall contain enough solder to maintain the temperature dur-
ing testing within the specified temperature limits (see 3.5.1) and to prevent —35
exceeding the contamination levels (see 3.5.2). The solder pot temperature
“limits™ utilized for Wave Solder testing shall be defined by agreement —40
between the user and vendor. Precautions should be taken to avoid solder
pot/bath damage due to metal erosion when using lead-free solder alloys. —45
—50

3.3.3 Optical Inspection Equipment All test methods requiring visual
inspection shall use equipment which is capable of 10X magnification (see IPC-003¢-3-2
individual test methods). They may be equipped with reticles or equivalent Figure 3-2 Example Reticle

for measurement when applicable. An example of a reticle is shown in Fig-

ure 3-2. Shadowless lighting shall be used for proper inspection.

3.3.4 Dipping Equipment Solder dipping devices shall be mechanical or electromechanical and capable of controlling the
immersion/emersion rates, dwell time, and immersion depth as specified in 4.2 to 4.3.

3.3.5 Timing Equipment Timing equipment shall be automated and accurate to the extent specified by the test method.
3.4 Preparation for Testing

3.4.1 Test Specimen Preparation and Conditioning for Test Care shall be exercised to prevent contamination (by grease,
perspiration, etc.) of the surface to be tested. When agreed upon between user and vendor, the test snecirrg Q(Buments
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