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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
___________ 

 
TEST METHODS FOR ELECTRICAL MATERIALS, 

INTERCONNECTION STRUCTURES AND ASSEMBLIES –  
 

Part 5: Test methods for printed board assemblies 
 
 

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 provides no marking procedure to indicate its approval and cannot be rendered responsible for any 
equipment declared to be in conformity with an IEC Publication. 

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 61189-5 has been prepared by IEC technical committee 91: 
Electronic assembly technology. 

This bilingual version, published in 2008-05, corresponds to the English version. 

The text of this standard is based on the following documents: 

FDIS Report on voting 

91/608/FDIS 91/619/RVD 

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

The French version of this standard has not been voted upon. 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 
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This standard is to be used in conjunction with the following parts of IEC 61189:  

Part 1: General test methods and methodology 
Part 2: Test methods for materials for interconnection structures  
Part 3: Test methods for interconnection structures (printed boards) 
Part 4: Test methods for electronic components assembling characteristics (under 

consideration) 
Part 6: Test methods for materials used in electronic assemblies 

and also the following standard: 

IEC 60068 series: Environmental testing 

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

• reconfirmed; 
• withdrawn; 
• replaced by a revised edition, or 
• amended. 
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INTRODUCTION 

IEC 61189 relates to test methods for printed boards and printed board assemblies, as well as 
related materials or component robustness, irrespective of their method of manufacture. 

The standard is divided into separate parts, covering information for the designer and the test 
methodology engineer or technician. Each part has a specific focus; methods are grouped 
according to their application and numbered sequentially as they are developed and released.  

In some instances test methods developed by other TCs (for example, TC 104) have been 
reproduced from existing IEC standards in order to provide the reader with a comprehensive 
set of test methods. When this situation occurs, it will be noted on the specific test method; if 
the test method is reproduced with minor revision, those paragraphs that are different are 
identified.  

This part of IEC 61189 contains test methods for evaluating printed board assemblies. The 
methods are self-contained, with sufficient detail and description so as to achieve uniformity 
and reproducibility in the procedures and test methodologies. 

The tests shown in this standard are grouped according to the following principles: 

P: preparation/conditioning methods 
V: visual test methods 
D: dimensional test methods 
C: chemical test methods 
M: mechanical test methods 
E: electrical test methods 
N: environmental test methods 
X: miscellaneous test methods 

To facilitate reference to the tests, to retain consistency of presentation, and to provide for 
future expansion, each test is identified by a number (assigned sequentially) added to the 
prefix (group code) letter showing the group to which the test method belongs. 

The test method numbers have no significance with respect to an eventual test sequence; that 
responsibility rests with the relevant specification that calls for the method being performed. 
The relevant specification, in most instances, also describes pass/fail criterion. 

The letter and number combinations are for reference purposes to be used by the relevant 
specification. Thus "5C01" represents the first chemical test method described in IEC 61189-5. 

In short, in this example, 5 is the number of the part of IEC 61189, C is the group of methods, 
and 01 is the test number. 

A list of all test methods included in this standard, as well as those under consideration, is 
given in Annex B. This annex will be reissued whenever new tests are introduced. 
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TEST METHODS FOR ELECTRICAL MATERIALS, 
INTERCONNECTION STRUCTURES AND ASSEMBLIES –  

 
Part 5: Test methods for printed board assemblies 

 
 
 

1 Scope 

This part of IEC 61189 is a catalogue of test methods representing methodologies and 
procedures that can be applied to test printed board assemblies. 

2 Normative references 

The following referenced documents are indispensable for the application 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 60068-1:1988, Environmental testing – Part 1: General and guidance 

IEC 60068-2-20, Basic environmental testing procedures – Part 2: Tests – Test T: Soldering 

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 61189-6, Test methods for electrical materials, interconnection structures and assemblies 
– Part 6: Test methods for materials used in manufacturing electronic assemblies 

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

IEC 61190-1-2:2002 1, Attachment materials for electronic assembly – Part 1-2: 
Requirements for solder pastes 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 61249-2-7, Materials for printed boards and other interconnecting structures – Part 2-7: 
Reinforced base materials clad and unclad – Epoxide woven E-glass laminated sheet of 
defined flammability (vertical burning test), copper-clad 

IEC 62137:2004, Environmental and endurance testing - Test methods for surface-mount 
boards of area array type packages FBGA, BGA, FLGA, LGA, SON and QFN  

ISO 5725-2, Accuracy (trueness and precision) of measurement methods and results – Part 2: 
Basic method for the determination of repeatability and reproducibility of a standard 
measurement method  
————————— 
1  This document has been replaced by a new, bilingual edition (2008), but for the purposes of this standard, the 2002 edition 

is cited. 
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ISO 9001, Quality management systems – Requirements 

ISO 9455-1, Soft soldering fluxes – Test methods – Part 1: Determination of non-volatile 
matter, gravimetric method 

ISO 9455-2, Soft soldering fluxes –Test methods – Part 2: Determination of non-volatile 
matter, ebulliometric method 

3 Accuracy, precision and resolution 

Errors and uncertainties are inherent in all measurement processes. The information given 
below enables valid estimates of the amount of error and uncertainty to be taken into account. 

Test data serve a number of purposes which include 

– monitoring of a process; 
– enhancing of confidence in quality conformance; 
– arbitration between customer and supplier. 

In any of these circumstances, it is essential that confidence can be placed upon the test data 
in terms of 

– accuracy: calibration of the test instruments and/or system; 
– precision: the repeatability and uncertainty of the measurement; 
– resolution: the suitability of the test instrument and/or system. 

3.1 Accuracy 

The regime by which routine calibration of the test equipment is undertaken shall be clearly 
stated in the quality documentation of the supplier or agency conducting the test and shall 
meet the requirements of ISO 9001. 

The calibration shall be conducted by an agency having accreditation to a national or 
international measurement standard institute. There should be an uninterrupted chain of 
calibration to a national or international standard. 

Where calibration to a national or international standard is not possible, round-robin 
techniques may be used and documented to enhance confidence in measurement accuracy. 

The calibration interval shall normally be one year. Equipment consistently found to be 
outside acceptable limits of accuracy shall be subject to shortened calibration intervals. 
Equipment consistently found to be well within acceptable limits may be subject to relaxed 
calibration intervals. 

A record of the calibration and maintenance history shall be maintained for each instrument. 
These records should state the uncertainty of the calibration technique (in ± % deviation) in 
order that uncertainties of measurement can be aggregated and determined. 

A procedure shall be implemented to resolve any situation where an instrument is found to be 
outside calibration limits. 

3.2 Precision 

The uncertainty budget of any measurement technique is made up of both systematic and 
random uncertainties. All estimates shall be based upon a single confidence level, the 
minimum being 95 %. 
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Systematic uncertainties are usually the predominant contributor and will include all 
uncertainties not subject to random fluctuation. These include 

– calibration uncertainties; 
– errors due to the use of an instrument under conditions which differ from those under 

which it was calibrated; 
– errors in the graduation of a scale of an analogue meter (scale shape error). 

Random uncertainties result from numerous sources but can be deduced from repeated 
measurement of a standard item. Therefore, it is not necessary to isolate the individual 
contributions. These may include 

– random fluctuations such as those due to the variation of an influence parameter. 
Typically, changes in atmospheric conditions reduce the repeatability of a measurement; 

– uncertainty in discrimination, such as setting a pointer to a fiducial mark or interpolating 
between graduations on an analogue scale. 

Aggregation of uncertainties: Geometric addition (root-sum-square) of uncertainties may be 
used in most cases. Interpolation error is normally added separately and may be accepted as 
being 20 % of the difference between the finest graduations of the scale of the instrument. 

i
2
r

2
st  + ) + (  = UUUU ±  

where 
Ut is the total uncertainty; 
Us is the systematic uncertainty; 
Ur is the random uncertainty; 
Ui is the interpolation error. 

Determination of random uncertainties: Random uncertainty can be determined by repeated 
measurement of a parameter and subsequent statistical manipulation of the measured data. 
The technique assumes that the data exhibits a normal (Gaussian) distribution. 

n
t U r

σ  = ×  

where 
Ur is the random uncertainty; 
n is the sample size; 
t is the percentage point of the t distribution as shown in Table 1; 

σ is the standard deviation (σn–1). 

3.3 Resolution 

It is paramount that the test equipment used is capable of sufficient resolution. Measurement 
systems used should be capable of resolving 10 % (or better) of the test limit tolerance. 

It is accepted that some technologies will place a physical limitation upon resolution (for 
example, optical resolution). 

3.4 Report 

In addition to requirements detailed in the test specification, the report shall detail 

a) the test method used; 
b) the identity of the sample(s); 
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c) the test instrumentation; 
d) the specified limit(s); 
e) an estimate of measurement uncertainty and resultant working limit(s) for the test; 
f) the detailed test results; 
g) the test date and operators’ signature. 

3.5 Student’s t distribution 

Table 1 gives values of the factor t for 95 % and 99 % confidence levels, as a function of the 
number of measurements. 

Table 1 – Student’s t distribution 

Sample 
size 

t value 
95 % 

t value 
99 % 

 Sample 
size 

t value 
95 % 

t value 
99 % 

 2  12,7  63,7   14  2,16  3,01 

 3  4,3  9,92   15  2,14  2,98 

 4  3,18  5,84   16  2,13  2,95 

 5  2,78  4,6   17  2,12  2,92 

 6  2,57  4,03   18  2,11  2,9 

 7  2,45  3,71   19  2,1  2,88 

 8  2,36  3,5   20  2,09  2,86 

 9  2,31  3,36   21  2,08  2,83 

 10  2,26  3,25   22  2,075  2,82 

 11  2,23  3,17   23  2,07  2,81 

 12  2,2  3,11   24  2,065  2,8 

 13  2,18  3,05   25  2,06  2,79 

 
3.6 Suggested uncertainty limits 

The following target uncertainties are suggested: 

a) Voltage < 1 kV: ± 1,5 % 

b) Voltage > 1 kV: ± 2,5 % 

c) Current < 20 A: ± 1,5 % 

d) Current > 20 A: ± 2,5 % 

Resistance 

e) Earth and continuity: ± 10 % 

f) Insulation: ± 10 % 

g) Frequency: ± 0,2 % 

Time 

h) Interval < 60 s: ± 1 s 

i) Interval > 60 s: ± 2 % 

j) Mass < 10 g: ± 0,5 % 

k) Mass 10 g – 100 g: ± 1 % 

l) Mass > 100 g: ± 2 % 

m) Force: ± 2 % 
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n) Dimension < 25 mm: ± 0,5 % 

o) Dimension > 25 mm: ± 0,1 mm 

p) Temperature < 100  °C: ± 1,5 % 

q) Temperature > 100 °C: ± 3,5 % 

r) Humidity (30 – 75) % RH: ± 5 % RH 

Plating thicknesses 

s) Backscatter method: ± 10 % 

t) Microsection: ± 2 microns 

u) Ionic contamination: ± 10 % 

4 Catalogue of approved test methods 

This standard provides specific test methods in complete detail to permit implementation with 
minimal cross-referencing to other specific procedures. The use of generic conditioning 
exposures is accomplished in the methods by reference, for example, those described in 
IEC 61189-1 and IEC 60068-1, and when applicable, is a mandatory part of the test method 
standard. 

Each method has its own title, number and revision status to accommodate updating and 
improving the methods as industry requirements change or demand new methodology. The 
methods are organized in test method groups and individual tests. 

5 P: Preparation/conditioning test methods 

5.1 Test 5P01: Test-board design guideline 

For the details of this test method, see IEC 62137:2004, Clause A.4, the requirements of 
which become mandatory when referenced as test 5P01.  

5.2 Test 5P02: Standard mounting process for CSP/BGA packages 

For the details concerning this test method, see Annex B of IEC 62137:2004, the 
requirements of which become mandatory when referenced as test 5P02.  

6 V: Visual test methods 

(Under consideration) 

7 D: Dimensional test methods 

(Under consideration) 

8 C: Chemical test methods 

8.1 Test 5C01: Corrosion, flux 

8.1.1 Object 

This test method is designed to determine the corrosive properties of flux residues under 
extreme environmental conditions. A pellet of solder is melted in contact with the test flux on a 
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sheet metal test piece. The solder is then exposed to prescribed conditions of humidity and 
the resulting corrosion, if any, is assessed visually.  

8.1.2 Test specimen 

At least 0,035 g of flux solids, 1 g solder paste, 1 g wire, or 1 g preform with an equivalent 
amount of solids. Flux solids are defined as the residue from the solid content, flux test 
described in IEC 61189-6, test method 6C03. All solvent shall have been evaporated from the 
specimen in a chemical fume hood.  

8.1.3 Apparatus and reagents 

a) Solder pot.  

b) Humidity chamber capable of achieving (40 ± 1) °C and (93 ± 2) % relative humidity.  
c) Air-circulating drying oven.  

d) Microscope having 20× min. 
e) Chemicals: All chemicals shall be reagent grade (highly pure, without contamination) and 

water shall be distilled or deionized: ammonium persulphate; sulphuric acid, % volume 
(v/v), degreasing agent; acetone, or petroleum ether.  

f) Analytical balance capable of weighing 0,001 g.  

g) Copper sheet of a thickness of (0,50 ± 0,05) mm and a purity of 99 %. 

8.1.4 Procedures  

8.1.4.1 Chemicals  

a) Ammonium persulphate (25 % m/v in 0,5 % v/v sulphuric acid). Dissolve 250 g of 
ammonium persulphate in water and add cautiously 5 ml of sulphuric acid (density 
1,84 g/cm3). Mix, cool, dilute to 1 litre and mix. This solution should be freshly prepared. 

b) Sulphuric acid (5 % v/v). To 400 ml of water cautiously add 50 ml of sulphuric acid 
(density 1,84 g/cm3). Mix, cool, dilute to 1 litre and mix.  

8.1.4.2 Test panel preparation 

a) Cut a piece of 50 mm × 50 mm from the copper sheet for each test.  
b) Form a circular depression in the centre of each test panel 3 mm deep by forcing a steel 

ball of a diameter of 20 mm into a hole of a diameter of 25 mm to form a cup.  
c) Bend one corner of each test panel up to facilitate subsequent handling with tongs.  

8.1.4.3 Preconditioning test panels 

Immediately before performing the test, precondition as follows using clean tongs for 
handling.  

a) Degrease with a suitable neutral organic solvent such as acetone or petroleum ether.  

b) Immerse in 5 % sulphuric acid (by volume) at (65 ± 5) °C for 1 min to remove the tarnish 
film.  

c) Immerse in a solution of 25 % m/v ammonium persulphate (0,5 % v/v sulphuric acid) at 
(23 ± 2) °C for 1 min to etch the surface uniformly.  

d) Wash in running tap water for a maximum of 5 s.  

e) Immerse in 5 % sulfuric acid (by volume) at (23 ± 2) °C for 1 min.  
f) Wash for 5 s in running tap water, then rinse thoroughly in deionized water.  
g) Rinse with acetone.  
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h) Allow to dry in clean air.  
i) Use the test piece as soon as possible or store up to 1 h in a closed container.  

8.1.4.4 Preparation of test solder  

a) Weigh (1,00 ± 0,05) g specimen of solder for each test and place in the centre of 
depression of each test panel.  

b) Degrease solder specimen with a suitable neutral organic solvent such as acetone or 
petroleum ether.  

c) Solder may be in the form of pellets or by forming tight spirals of solder wire.  

8.1.4.5 Test 

a) Heat solder pot so that solder bath stabilizes at (235 ± 5) °C in the case of Sn63Pb37 and 
Sn60Pb40 alloy. For solder alloys except Sn63Pb37 and Sn60Pb40, the temperature of 
the solder pot may be approximately 40 °C higher than the liquid temperature of each 
alloy.  

b) Liquid flux, place 0,035 g of flux solids into the depression in the test panel. Add solder 
sample.  

c) Solder paste, cored wire or cored preform, place 1 g of solder paste, flux-cored wire or 
cored-preform into the depression in the test panel.  

d) Using tongs, lower each test panel onto the surface of the molten solder.  
e) Allow the test panel to remain in contact until the solder specimen in the depression of the 

test panel melts. Maintain this condition for (5 ± 1) s.  

f) Carefully examine the test panel at 20× magnification for subsequent comparison after 
humidity exposure. Record observations, especially any discoloration.  

g) Preheat test panel to (40 ± 1) °C for (30 ± 2) min.  

h) Preset humidity chamber to (40 ± 1) °C and (93 ± 2) % relative humidity.  
i) Suspend each test panel vertically (and separately) in the humidity chamber.  
j) Expose panels to the above environment for 72 h (3 days). M (moderately active) and H 

(highly active) flux may be tested in the cleaned, as well as uncleaned, condition.  

8.1.4.6 Evaluation 

Carefully examine test panels prior to placing them in the environmental chamber. Note any 
discoloration. 

After the appropriate exposure period, remove test panels from humidity chamber, examine at 
20× magnification and compare with observations noted prior to exposure.  

Corrosion is described as follows.  

– Excrescences at the interfaces of the flux residue and copper boundary or the residues or 
discontinuities in the residues.  

– Discrete white or coloured spots in the flux residues.  

An initial change of colour which may develop when the test panel is heated during soldering 
is disregarded, but subsequent development of green-blue discoloration with observation of 
pitting of the copper panel is regarded as corrosion.  

Full document details: IEC 61189-5 2006

http://www.avadocuments.com/doc/iec-61189-5-2006
http://www.avadocuments.com/doc/iec-61189-5-2006


 – 14 – 61189-5 © IEC:2006 

8.1.5 Additional information 

8.1.5.1 Definition of corrosion 

For the purposes of this test method, the following is the definition of corrosion: “chemical 
reaction between the copper, the solder, and the constituents of the flux residues, which 
occurs after soldering and during exposure to the above environmental conditions."  

Colour photos before and after the test are valuable tools in identifying corrosion.  

8.1.5.2 Safety 

Observe all appropriate precautions on material safety data sheets (MSDS) for chemicals 
involved in this test method. 

9 M: Mechanical test methods 

9.1 Test 5M01: Peel test method for test-board land 

For details concerning this test method, see Clause A.3 of IEC 62137, the requirements of 
which become mandatory when referenced as test 5M01.  

10 E: Electrical test methods 

10.1 Test 5E01: Changes of the surface insulation resistance caused by fluxes 

10.1.1 Object 

This test method is to characterize fluxes by determining the degradation of the electrical 
insulation resistance of rigid printed board specimens after exposure to the specified flux. 
This test is carried out at high humidity and heat conditions. 

10.1.2 Method A 

10.1.2.1 Test specimens 
a) Comb patterns: The test pattern shown in Figure 1 shall be used for the test specimen. 

The individual comb has a line width of 0,4 mm and 0,2 mm spacing. The specimen is 
approximately 100 mm × 95 mm in size. Its conductive pattern shall be unpreserved bare 
copper. 
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IEC   1612/06  

Figure 1 – Surface insulation resistance pattern  

b) Laminate: The laminate material for this test shall be an epoxide woven E-glass laminated 
sheet in accordance with IEC 61249-2-7. 

10.1.2.2 Apparatus 

a) A humidity chamber capable of being adjusted to a temperature of (90 ± 2) °C and a 
relative humidity of (95 ± 3) %. The chamber should be constructed with stainless steel 
inner surfaces and be well insulated. The temperature and humidity measurement should 
be taken using sensors such as dry and wet bulb thermometers or solid-state sensors. The 
temperature and humidity levels of the test chamber shall be recorded throughout the test, 
preferably with independent control sensors. 

b) The measurement system shall consist of a measuring device capable of measuring 
surface insulation resistance (SIR) in the range of at least (106 to 1012)Ω. A test and bias 
voltage supply capable of providing a variable voltage from (5 to 100)V d.c. (±2 %) with a 
1 MΩ load. 

Specimen selection system capable of individually selecting each test pattern under 
measurement. The system shall incorporate a 1 MΩ current limiting resistor in each 
current pathway. 

The tolerance of the total measurement system shall be ±5 % up to 1010 Ω, ±10 % 
between (1010 to 1011)Ω, and ±20 % above 1011 Ω. 

The measurement system shall be verified by substituting a resistor verification coupon in 
place of the test specimens while in the chamber at ambient conditions. 

c) Three 2 000 ml beakers. 
d) Exhaust ventilation hood. 
e) Metal tongs. 
f) Soft bristle brush. 

g) Deionized or distilled water (2 MΩcm, minimum resistivity recommended). 
h) Drying oven capable of maintaining at least 50 °C. 
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10.1.2.3 Test conditions 
a) Fluxes that contain more than 1 % by weight organic acid activators, such as adipic acid, 

that volatilize significantly at 85 °C, and less than 5 % by weight rosin or modified-rosin 
resin should be tested at 40 °C/93 % RH. Fluxes that contain more than 0,1 % by weight 
ionic halide should be tested at 85 °C/85 % RH. 

b) The test duration shall be not less than 72 h. 
c) Test voltages: The testing should be conducted using a voltage gradient of 25 V/mm (= 

5 V using the coupon proposed). 

10.1.2.4 Specimen preparation 

There shall be three test specimens for each liquid flux to be tested in the cleaned state, 
having cleaned the boards in accordance with item d) (see Table 2, Sample group A). When 
testing liquid fluxes which are intended to remain in the uncleaned state, six test specimens 
are required. Three uncleaned test specimens shall be wave-soldered pattern side down 
(Table 2, Sample group B) and three shall be wave-soldered pattern side up (Table 2, Sample 
group C). 

a) Solder paste coupons shall be reflowed pattern side up and either cleaned (Table 2, 
Sample group D) or not cleaned (Table 2, Sample group E). In addition, there shall be at 
least two unprocessed control coupons for comparison purposes (Table 2, Sample 
group F). 

b) Positive, permanent and non-contaminating identification of test specimens is of 
paramount importance (for example, a vibrating scribe).  

c) Visually inspect the test specimens for any obvious defects. If there is any doubt about the 
overall quality of any test specimen, the test specimen should be discarded. 

Table 2 – Coupons for surface insulation resistance (SIR) testing 

Sample group Flux/Solder Clean Number of 
coupons 

A Yes Yes 3 

B Yes No 3 

C Yes No 3 

D Yes Yes 3 

E Yes No 2 

F No No 2 

 
d) Clean the test specimen with deionized or distilled water and scrub with a soft bristle 

brush for a minimum of 30 s. Spray-rinse thoroughly with deionized or distilled water. 
Rinse cleaned area thoroughly with fresh propan-2-ol.  

e) An alternative cleaning method is to place the test specimen in an ionic contamination 
tester containing 75 % propan-2-ol, 25 % deionized water and process the solution until all 
ionics have been removed.  

f) During the remainder of the specimen preparation, handle test specimens by the edges 
only, or use non-contaminating rubber gloves.  

g) If boards are to be stored before treatment, place the boards in contamination-free bags or 
containers and close bags (do not heat seal).  

10.1.2.5 Solder paste 

a) Stencil print the solder paste on to the comb pattern using a 0,150 mm thick stencil. The 
stencil shall consist of a series of circular holes of a diameter of 0,4 mm or square 
openings that match the conductors of the comb pattern. The registration of the stencil 
shall be such that the solder paste is deposited directly on the conductors and does not 
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cause bridging between conductive patterns. There shall be a minimum of six openings for 
each conductor in the comb pattern.  

b) The specimens shall be run through a reflow soldering process using the temperature 
profile recommended by the supplier. 

10.1.2.6 Cleaning of specimens  

a) After exposure to flux and solder, specimens to be tested in an uncleaned state shall be 
evaluated as described in 10.1.2.8 and 10.1.2.9.  

b) After exposure to flux and solder, specimens to be tested in the cleaned state shall be 
cleaned using one of the procedures listed below. The cleaning parameters shall be 
reported in the qualification test report (Table 3).  

c) The specimens to be cleaned shall be cleaned with an appropriate environmentally safe 
solvent or aqueous cleaning medium. The use of a commercial in-line or batch cleaner is 
preferred. If this is not available, the following laboratory cleaning process shall be 
followed.  

d) Three specimens shall be cleaned (within 30 min or less) after soldering. For solvent or 
aqueous detergent cleaning, three 2 000 ml beakers each containing 1 000 ml of solvent 
shall be used so that one beaker serves as the primary cleaning stage and the other two 
are used for rinsing purposes. Each test specimen shall be agitated in each beaker for 
1 min. In the case of aqueous detergent, one beaker shall contain the cleaning agent and 
the remaining beakers shall contain deionized water for rinsing purposes. After the 
cleaning procedure is complete, specimens are dried for 2 h at 50 °C. Following cleaning, 
the specimens shall be tested as outlined in 10.1.2.8 and 10.1.2.9.  

10.1.2.7 Preparation of samples for chamber 

Visually inspect all combs and discard any combs with bridging of conductors. Use water 
white rosin (colour grade of rosin) to solder Teflon-insulated wires to the connection points of 
the specimens. Do not attempt to remove the flux residues. Connectors may be used in lieu of 
soldering wires but are not recommended. In the event of a dispute, the samples with 
soldered wires shall be used as a referee. 

10.1.2.8 Connector system – High-resistance measurement verification 
a) Prior to connecting test specimens to the measurement system, each cable assembly shall 

be connected to the resistor verification coupon inside the humidity chamber at ambient 
conditions and a measurement taken. Any cable that does not read within the tolerance 
value of the total measurement system (±5 % up to 1010 Ω, ±10 % between 
(1010 to 1011) Ω, and ±20 % above 1011 Ω) shall be reworked or replaced (see Figure 2). 

 

 
IEC   1613/06  

Figure 2 – Connector arrangement 
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b) Place the specimens in the environmental chamber in a vertical position in such a way 
that the air flow is parallel to the direction of the board in the chamber as shown in Figure 
3. Set the chamber to one of the following conditions dependent upon the type of flux 
under test (refer to 10.1.2.3). The temperature shall be set at (85 ± 2) °C and humidity at 
20 % RH; allow the chamber to stabilize at this temperature for 3 h. For “no-clean”, set 
the chamber temperature to (40 ± 2) °C and humidity to 20 % RH and allow the chamber 
to stabilize at this temperature for 3 h. Then, slowly ramp the humidity to (85 ± 2) % or 
(93 ± 2) % over a minimum period of 15 min. Allow the specimens to come to equilibrium 
for at least 1 h before applying the bias voltage to begin the test.  

 
Air flow in chamber 

 
 

 
IEC   1614/06 

 

Figure 3 – Specimen orientation in test chamber 

c) Connect the (5-50) V d.c. voltage source to the specimen test points to apply the bias 
voltage to all specimens.  

10.1.2.9 Measurements  

Measurements shall be made with test specimens in the chamber under the test conditions of 
temperature and humidity at 20 min intervals. To take these measurements, the (5-50) V d.c. 
bias voltage source shall be removed from the test specimen and a test voltage of 5 V d.c. 
shall be applied. 

10.1.2.10 Evaluation 

a) The insulation resistance values of each comb pattern shall be >1 × 108 Ω. If the control 
coupon readings are less than 1 × 109 Ω, a new set of test specimens shall be obtained 
and the entire test repeated. Any reason for deleting values (scratches, condensation, 
bridged conductors, outlying points, etc.) shall be noted. 

b) All specimens shall also be examined under a 10× to 30× microscope using backlighting 
within 24 h of completing the testing. If the specimens are to be held longer, they shall be 
placed in a non-contaminating container and stored in a desiccator. All specimens shall be 
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evaluated within 7 days. It should be determined whether dendritic growth has occurred 
due to condensation within the chamber (see 10.1.4).  

c) Rejection of results for more than 2 combs for a given condition shall require the test to be 
repeated.  

d) Flux qualification shall be recorded in Table 3. 

10.1.3 Method B 

10.1.3.1 Test specimens 
a) Comb patterns: Use the coupon test pattern shown in Figure 12a 2 of IEC 61189-3 (J test 

pattern which consists of four comb patterns per coupon). The individual comb, pictured in 
Figure 12a of test method 3E08, has a line width of 0,4 mm and line spacings of 0,5 mm. 
The conductive pattern of the test specimen shall be bare copper.  

b) Laminate: The laminate material for this test shall be epoxide woven E-glass laminated 
sheet in accordance with IEC 61249-2-7. 

10.1.3.2 Apparatus 

a) A clean test chamber capable of being adjusted to a temperature of (25 10
2

+
− ) °C to at least 

(85 ± 2) °C and (85 ± 2) % RH and capable of recording the test conditions. 
b) A power supply capable of producing a standing bias potential of (45 to 50)V d.c. with a 

tolerance of ±10 %. 

c) A resistance meter capable of reading high resistance (1012 Ω) with a test voltage of 
100 V or an ammeter capable of reading 10–10 A in combination with 100 V d.c. power 
supply.  

d) Three 2 000 ml beakers. 
e) Exhaust ventilation hood. 
f) Metal tongs. 
g) Soft bristle brush.  

h) Deionized or distilled water (2 MΩ, minimum resistivity recommended). 
i) Drying oven capable of maintaining at least 50 °C. 

10.1.3.3 Test conditions 

All fluxes will be tested at (85 ± 2) °C, (85 ± 2) % RH for 168 h. 

10.1.3.4 Specimen preparation 

Flux application and soldering. 

10.1.3.4.1 Liquid flux or flux extract 

Coat the comb pattern with a thin coating of the liquid flux or flux extract under test.  

The test specimens shall be exposed to solder by floating the fluxed comb patterns of the test 
specimens face down on the solder pot at (245-260) °C for (4 ± 1) s. Wave solder of comb 
patterns face down at (245-260) °C and a conveyor speed with a contact time of (3 ± 1) s. For 
fluxes to be tested in the uncleaned state, a second set of comb patterns shall be fluxed and 
floated pattern up on the solder pot or passed pattern up over the solder wave.  

————————— 
2  The references to Figure 12a of IEC 61189-3 (Am.1) correspond to Figure 15a of IEC 61189-3 Ed. 2. 
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10.1.3.5 Solder paste 

a) Stencil print the solder paste on to the comb pattern using a 0,1 mm thick stencil. 
b) The specimens shall be run through a reflow soldering process using the temperature 

profile recommended by the supplier. 

10.1.3.6 Cleaning of specimens  

a) After exposure to flux and solder, specimens to be tested in an uncleaned state shall be 
evaluated as described in 10.1.2.8 and 10.1.2.9.  

b) After exposure to flux and solder, specimens to be tested in the cleaned state shall be 
cleaned using one of the procedures listed below. The cleaning parameters shall be 
reported in the qualification test report (Table 3).  

c) The specimens to be cleaned shall be cleaned with an appropriate environmentally safe 
solvent or aqueous cleaning medium. The use of a commercial in-line or batch cleaner is 
preferred. If this is not available, the following laboratory cleaning process shall be 
followed.  

d) Three specimens shall be cleaned (within 30 min or less) after soldering. For solvent or 
aqueous detergent cleaning, three 2 000 ml beakers each containing 1 000 ml of solvent 
shall be used in such a way that one beaker serves as the primary cleaning stage and the 
other two are used for rinsing purposes. Each test specimen shall be agitated in each 
beaker for 1 min. In the case of aqueous detergent, one beaker shall contain the cleaning 
agent and the remaining beakers shall contain deionized water for rinsing purposes. After 
the cleaning procedure is complete, specimens are dried for 2 h at 50 °C. Following 
cleaning, the specimens shall be tested as outlined in 10.1.3.6 and 10.1.3.7.  

10.1.3.7 Preparation of samples for chamber 

Visually inspect all combs and discard any combs with bridging of conductors. Use water 
white rosin (colour grade of rosin) to solder teflon-insulated wires to the connection points of 
the specimens. Do not attempt to remove the flux residues. Connectors may be used in lieu of 
soldering wires but are not recommended. In the event of a dispute, the samples with 
soldered wires shall be used as a referee. 

10.1.3.8 Measurements  

Measurements shall be made with test specimens in the chamber under the test conditions of 
temperature and humidity after 24 h, 96 h and 168 h. To take these measurements, the (45-
50) V d.c. bias voltage source shall be removed from the test specimen and a test voltage of 
10 V d.c. shall be applied. (Test voltage polarity is opposite the bias polarity.)  

10.1.3.9 Evaluation 

a) Each comb pattern on each test specimen shall be evaluated by the insulation resistance 
values obtained at 96 h and 168 h. If the control coupon readings are less than 1 000 MΩ, 
a new set of test specimens shall be obtained and the entire test repeated. The reading at 
24 h may fall below the required value provided that it recovers by 96 h. Any reason for 
deleting values (scratches, condensation, bridged conductors, outlying points, etc.) shall 
be noted. 

b) All specimens shall also be examined under a 10× to 30× microscope using backlighting 
within 24 h of completing the testing. If the coupons are to be held longer, they shall be 
placed in Kapak or another non-contaminating container and stored in a desiccator. All 
specimens shall be evaluated within 7 days. If dendritic growth or corrosion is observed, it 
shall be determined if the dendrite spans 25 % or more of the original spacing. This latter 
condition will constitute a failure. It should be determined whether dendritic growth has 
occurred due to condensation within the chamber (see 10.1.4).  

c) Rejection of results for more than two combs for a given condition shall require the test to 
be repeated.  
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10.1.4 Additional information 

If condensation occurs on the test specimens in the environmental chamber while the samples 
are under voltage, dendritic growth will occur. This can be caused by a lack of sufficient 
control of the humidification of the oven. Water spotting may also be observed in some ovens 
where the air flow in the chamber is from back to front. In this case, water condensation on 
the cooler oven window can be blown around the oven as micro-droplets which deposit on test 
specimens and cause dendritic growth if the spots bridge the distance between two electrified 
conductors. Both of these conditions shall be eliminated for proper testing.  

Table 3 – Qualification test report 

I.D. Number: 

Flux classification: Date of manufacture: 

Manufacturer's identification: Original use by fate:  

Requalified use by fate: 

Manufacturer's batch number: Original: 

Date original qualification tests completed:  Date requalification tests completed: 

Tested by:  Pass: _ Tested by: Pass: _  

Witnessed by:  Fail: _ Witnessed by:  Fail: _  

Certification test  IEC 61189-5/IEC 61189-6 Test requirement  Result pass/fail/NA  

Copper mirror  6C10   

Halides qualitative     

Silver chromate  6C02    

Fluoride spot  6C05   

Halides quantitative     

Chloride, bromide  6C04    

Fluoride  6C06    

Non-volatile determination  6C03    

Total as chloride     

Corrosion  5C01    

SIR 5E01 Cleaned  

Not cleaned 

 

Fungus (optional)    

Cleaning procedure for flux characterization 

Cleaning material 

Cleaning equipment 

Cleaning process parameters 

 

 

10.2 Test 5E02: Surface insulation resistance, assemblies 

10.2.1 Object 

This test method quantifies any deleterious effects that may arise from flux residues after 
soldering printed circuit-boards, by measuring the decrease of the surface insulation 
resistance.  

For fluxes which may leave undesirable residues and hence require cleaning, the results 
obtained from the test will depend not only on the characteristics of the residue but also on 
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the effectiveness of the manufacturing/assembly cleaning operation. It should be realized that 
the cleaning regime for populated boards may need to be more aggressive than that indicated 
in the procedure for unused boards. The intent of this test is to show that a proposed 
manufacturing process or process change can produce hardware with acceptable end-item 
performance. 

These process changes can involve a change in any one of the process steps. It can also 
pertain to a change in bare-board supplier, solder mask or metallization. Test vehicle 
construction will vary depending upon which of these changes is being evaluated. 

Testing is a 'site-specific' qualification process that should be carried out at the 
manufacturer's location using production processes and equipment whenever possible. 

10.2.2 Test specimens 

The printed circuit-board consists of several components having test patterns adjacent to, and 
beneath, the components. Prior to being subjected to conditioning the components are 
soldered onto the board, using methodologies replicating as closely as possible the proposed 
production techniques. The comb pattern may also be included on a production board, to 
allow regular monitoring to be carried out. 

a) Comb patterns: The test specimen "5E02 test specimen" comprises the following bill of 
materials (BOM) and Figures 4a and 4b. 

 
ID Component Min SIR 

distance  

mm Component type 

1 TH connector 4 × 24 pins horizontal 0,6 24 × 4 = 96-way AMP: 536501-3 

2 8 × SM cap 1210 0,46 1210SMC-PL 

3 BGA256, 1mm pitch 0,4 BGA256T1.0-ISO 

4 SM connector IEEE 1386, 2 × 16 pins 1 1,00 mm (0,039") mezzanine IEEE 1386 SMT, 
dual row, 71436 

5 15 × SM cap 0805 0,6 0805SMC-PA 

6 QFP160 0,65 mm pitch ISO 0,254 QFP160-28 mm – 0,65 mm – 2,6 (isolated) 

7 COMB under QFP160 (ID 6) 0,2 N/A 

8 10 × SM cap 0805 0,6 0805SMC-PA 

9 COMB under QFP80 (ID10) 0,2 N/A 

10 QFP80 0,5mm pitch ISO 0,2 A-TQFP80 – 12 mm – 0,5 mm – 2,0 (Amkor) 

11 COMB under QFP128 (ID12) 0,2 N/A 

12 QFP128 0,8mm pitch ISO 0,3 QFP128-28 mm – 0,8 mm – 2,6 

13 4 × SOIC16 1,27mm pitch ISO 0,2 SO16GT–- 3,8 mm 

14 15 × SM cap 0603 0,6 0603SMC-PA 

15 15 × SM cap 1206 1,2 1206SMC-PA 

16 TH connector 4 × 24 pins vertical 0,6 24 × 4 = 96-way AMP: 536501-3 
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 IEC   1615/06  

Figure 4a –Test specimen side A 

 IEC   1616/06  

Figure 4b –Test specimen side B 

Figure 4 – Test method 5E02 

 All of the components used in this test shall be true "dummy" components designed 
specifically for SIR testing. Scrap devices will compromise test results.  

b) Laminate: The test vehicle laminate should represent the substrate to be used in 
production. 

10.2.3 Apparatus and materials 

a) The soldering equipment should represent the equipment to be used in production. 

b) A humidity chamber capable of being adjusted to a temperature of (90 ± 2)°C and a 
relative humidity of (95 ± 3) %. The chamber shall be constructed with stainless steel inner 
surfaces and be well-insulated. The temperature and humidity measurement shall be 
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taken using sensors such as dry and wet bulb thermometers or solid-state sensors. The 
temperature and humidity levels of the test chamber shall be recorded throughout the test, 
preferably with independent control sensors. 

c) The measurement system shall consist of a measuring device capable of measuring 
surface insulation resistance (SIR) in the range of at least (106 to 1012) Ω. A test and bias 
voltage supply capable of providing a variable voltage from (5-100) V d.c. (±2 %) with a 
1 MΩ load. 

Specimen selection system capable of individually selecting each test pattern under 
measurement. The system shall incorporate a 1 MΩ current limiting resistor in each 
current pathway. 

The tolerance of the total measurement system shall be ±5 % up to 1010 Ω, ±10 % 
between (1010-1011) Ω, and ±20 % above 1011 Ω. 

The measurement system shall be verified by substituting a resistor verification coupon in 
place of the test specimens while in the chamber at ambient conditions. 

The data sampling rate should be, as a minimum, twice a day, at least 6 h apart as shown 
in Table 4; with a lower test voltage (5 V), the sampling frequency shall be every 20 min. 
Equipment shall be capable of demonstrating repeatability using the gauge repeatability 
and reproducibility (R&R) methodology outlined in ISO 5725-2. 

d) The verification specimen shall have one each 106 Ω, 108 Ω, 1010 Ω and 1012 Ω resistors 
in specific current pathways according to Figure 5. 

 
 

106 Ω 

9 242 4 7 2018 22

108 Ω 1010 Ω

1012 Ω

1012 Ω1010 Ω 108 Ω 106 Ω 
IEC   1617/06  

Figure 5 – Resistor verification coupon 

 The resistor verification coupon should have a protective metal (stainless steel) cover 
attached with stainless hardware to the grounded mounting holes on the coupon to protect 
the resistors from contamination or damage during handling operations (Figure 6). 
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IEC   1618/06  

 
Figure 6 – Resistor verification board with protective cover 

e) Test specimen location in the chamber. 
f) Fixtures shall position coupons uniformly spaced (minimum of 15 mm) and parallel to air 

flow with the connector (if present), as shown in Figure 7. 

Air flow in chamber 

 

 
IEC   1619/06  

Figure 7 – Test specimen location with respect to chamber air flow 

g) Cleaning solvent (where required). Use a solvent recommended by the flux manufacturer 
as being suitable for the removal of post-soldering flux residues. 

h) PTFE-insulated wire or cable, configuration suitable for equipment in use. 
i) Connector 

64 position, glass-filled polyester body: 
2,5 mm board contact centre spacing 

0,75 μm gold-plated post/pin mating end 
bifurcated beam contacts 
For coupon thickness of 1,40 mm to 1,78 mm  
Capable of withstanding temperatures up to 105 °C. 
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j) Flux-cored solder wire conforming to IEC 61190-1-33. 

10.2.4 Test 

10.2.4.1 Test conditions 

All specimens shall be tested at either 40 °C with a relative humidity of 93 % (according to 
IEC 60068-2-20) or 85 °C with a RH of 85 % for 168 h. 

No-clean processes shall be tested at 40 °C in a 93 % RH environment. 

10.2.4.2 Specimen preparation 

Test specimens shall be identified using a positive, permanent and non-contaminating 
identification method. 

10.2.4.3 Procedure 
a) The test specimen should represent the substrate materials, assembly materials and 

fabrication processes used in production. The test vehicle circuitry shall provide for SIR 
testing as shown in Figures 4a and 4b. Components of the type to be soldered in 
production representative of the hardest to clean configurations (in terms of "shadowing" 
of the solder joints by component bodies and component-to-substrate spacing) shall be 
included on the printed wiring assembly. As the test pattern is used to monitor the effect of 
printed board assembly processing, they shall be exposed to all printed board assembly 
processes (i.e., the test pattern shall not be covered by permanent solder mask).  

b) Cleaning: For fluxes requiring cleaning after soldering, clean the test specimens using the 
cleaning media and method recommended by the flux manufacturer as being suitable for 
the removal of post-soldering flux residues. Include details of the cleaning procedure used 
on the coupons in the test report. 

10.2.4.4 Manufacturing process replication 

a) The specimen manufacturing process used in this method is assumed to replicate the 
process intended for production hardware. In cases where the assembly process involves 
multiple solder operations (for example, surface mount reflow, wave solder, rework, hand 
solder, or conformal coating if used), all these processes shall be carried out on the test 
assembly. This would be necessary even in cases where only one of the soldering 
processes is being changed, since residues from one process can interact with residues 
from a prior or following process. It is the total of all these processes which will be 
shipped, and thus it is their total which shall be tested and qualified. See PC-9201[1]4 for a 
discussion of the proper methodology and equipment to be used for repeatable and 
accurate SIR testing. 

b) No cleaning prior to assembly shall be carried out on the printed boards used in these 
tests that are not carried out as part of the standard assembly process. 

10.2.4.5 Number of test specimens 

A minimum of 10 test specimens shall be tested for each material/process combination. This 
specimen size was calculated by setting a “consumer’s risk”' at 10 % (confidence of 90 %). It 
is recommended that additional unprocessed vehicles be tested as controls5. 

————————— 
3 This wire consists of 60/40 or 63/37 tin/lead solder wire having a core of non-activated rosin (colophony) flux   

(IEC 60068-2-20). 

4 Figures in square brackets refer to the bibliography. 

5  A complete explanation of how this sample size was determined can be found in IPC-TR-467 [2]. 
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10.2.4.6 Preparation of samples for chamber 

Specimens should be connected by either hard wiring or by connector. 

a) Hard wiring: For each specimen, first cover the patterns to be tested with aluminum foil to 
protect them from contamination during interconnect attachment soldering. Solder a PTFE-
insulated wire to the appropriate coupon tab (Figure 4) using a soldering iron and the flux-
cored solder wire. Use a minimum amount of solder to make each joint and do not allow 
solder or flux to contaminate the test pattern. Tag each wire so that it can be identified 
outside the humidity chamber. 

b) Connector interfacing: Slide specimen edge contacts into connector. 

10.2.4.7 Measurements 

10.2.4.7.1 Connector system – High-resistance measurement verification 

Prior to connecting test specimens to the measurement system, each cable assembly shall be 
connected to the resistor verification coupon inside the humidity chamber at ambient 
conditions and a measurement taken. Any cable that does not read within the tolerance value 
of the total measurement system (± 5 % up to 1010 Ω, ± 10 % between (1010 to 1011) Ω, and 
±20 % above 1011 Ω) shall be reworked or replaced. 

10.2.4.7.2 Test specimen measurements 

Select environmental conditions a) or b), as appropriate. 

a)  40 °C with 93 % RH (according to IEC 60068-2-20); 

b)  85 °C with 85 % RH6 

Insert test specimens into the humidity chamber. Without the bias applied, stabilize the 
chamber at 25 °C/50 % RH for 2 h and take an initial SIR measurement. Ramp chamber up to 
test conditions by first ramping up the temperature and then the humidity to prevent 
condensation on test specimens. This ramp-up should not exceed 3 h. The appropriate bias 
should then be applied for the duration of the test, for a minimum of 168 h. Apply the bias 1 h 
after chamber stabilization at the test conditions. Remove the bias application and apply the 
appropriate test voltage and take SIR measurements at the required frequency (see Table 4). 

Table 4 – Suggested test conditions 

 Bias Test voltage Test frequency 

A 50 V 100 V 24 h, 96 h and 168 h 

B 100 V 100 V Twice daily 

C 5 V 5 V Every 20 min 

 

At the end of the exposure to test conditions, remove the electrical bias from all test patterns, 
prior to temperature-humidity ramp-down initiation. After ramp-down, stabilize the chamber at 
25 °C/50 % RH for 2 h and take a final SIR measurement 

10.2.4.8 Evaluation 

All specimens will be visually inspected at 10×-30× within 24 h of test completion and the 
following conditions recorded. 

————————— 
6  See item c) of 10.2.6 for guidance on which test condition should be used and information on specimen integrity 

during testing. 
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a) Presence of dendrites. If present, record per cent of spacing between conductors bridged 
by the worst-case dendrite. 

b) Presence of discoloration between conductors (discoloration on conductors only is 
acceptable). If present, discoloration shall be recorded as a colour image and included in 
the test report. 

c) Presence of water spots. If present, these conditions should be recorded as a colour 
image and included in the test report. 

d) Presence of subsurface metal migration. When examined with back-lighting, the presence 
of subsurface metal migration is evidenced by a dark subsurface “shadow” growing from 
the anode. If present, these conditions should be recorded as a colour image and included 
in the test report.  

Any reason for deleting values (scratches, condensation, solder-bridged conductors, outlying 
points, etc.) shall be noted. Rejection of results for more than two test patterns for a given 
condition shall require the test to be repeated. 

10.2.4.9 Test report 

The test report shall include, as a minimum, the following information. 

a) Details of any post-soldering cleaning procedures employed before coupon conditioning 
and measurement. 

b) Individual charts or graphs showing the measured resistance in log Ω versus for each 
coupon and test pattern or box plots for the data set. 

c) SIR results obtained for each pattern after 

− optional preconditioning, if applicable;  

− initial, at ambient; 

− final, at ambient. 
d) Any unusual features noted during the test. 
e) Details of any operation not included in this standard or regarded as optional. 
f) The environmental conditions used for the test, i.e., condition a) or b) above. 

10.2.5 Additional information 

This information provides guidance on which test conditions should be used and details on 
specimen integrity during testing. 

a) Frequency of monitoring. During SIR testing, resistance values can change rapidly over a 
period of min. These are often transitory in nature with SIR values often recovering by the 
end of the test. Such a drop in SIR may constitute failure in real product. Modern frequent 
sampling instruments can monitor up to 128 SIR patterns in less than 20 min, and so 
capture this type of short-lived event. It is recommended that measurement readings be 
taken as frequently as possible to detect rapid changes in SIR. 

b) If condensation occurs on the test specimens in the environmental chamber while the 
coupons are under voltage, dendritic growth can occur. Dendritic growth can be caused by 
a lack of sufficient control of the humidification of the oven. Water spotting may also be 
observed in some ovens where the air flow in the chamber is from back to front. In this 
case, water condensation on the cooler oven window can be blown around the oven as 
micro-droplets which deposit on the test specimen surfaces and cause dendritic growth if 
the spots bridge the distance between electrified conductors. Both of these conditions 
must be eliminated before proper testing can take place. 

c) Fluxes that contain more than 1 % by weight organic acid activators, such as adipic acid, 
that volatilize significantly at 85 °C, and less than 5 % by weight rosin or modified-rosin 
resin should be tested at 40 °C/93 % RH. Fluxes that contain more than 0,1 % by weight 
ionic halide should be tested at 85 °C/85 % RH. 
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d) It is recommended that a drip shield be placed over and/or around the test specimens to 
prevent water droplets from dropping from the chamber ceiling or from the chamber doors 
onto the energized test specimens. However, the drip shield should also not interfere with 
good air flow around the test samples, which may require innovative shielding approaches. 

e) When examined with backlighting, the presence of subsurface metal migration is 
evidenced by a dark subsurface “shadow” growing from the anode. If present, these 
conditions should be recorded as a colour image and included in the test report. 

f) The advantages and disadvantages of using connectors as part of the measurement 
system include 
1) Advantages 

– Ease of use. Preparation for an SIR test is fairly easy. Simply plug the coupon into 
the edge card connector. 

– Connector assemblies can be made in higher volumes during slack time. 
– No hand-soldering is done, therefore, no additional flux residues will contact the 

test patterns. 
– Handling is kept to a minimum. 
– The orientation of the test specimen can be held parallel to the chamber air flow. 

2) Disadvantages 
– Depending on the materials of construction, the connectors can have leakage 

currents resulting in a 0,5 decade drop (or higher) at 1012 Ω compared to hard 
wired specimens. Proper connector design and choice of highly insulating materials 
(for example, PTFE) can minimize this effect. 

– The connectors shall be verified before each use and monitored with time to 
determine if the resin system has aged, resulting in greater leakage currents. 

– The spring-loaded contacts will wear with each use. Solder bulges on the test 
specimens increase the wear. Examining the contact fingers on test specimens as 
coupons are withdrawn from the test can give an indication of adequate contact 
(look for scratches). 

– The cover metallization on the spring loaded contacts will wear, especially if soft 
gold. This wear can result in dissimilar metals in contact and an increase in contact 
resistance. 

– Potential for entrapment of moisture. 
g) Electromagnetic shielding: For consistent and repeatable results, it is important that all 

cabling carrying test signals be encased in an electromagnetic shield. Most often, this is a 
metallic foil or braid material. Since SIR measurement often deals with picoamperes of 
current or less, electromagnetic coupling (EMC) and other stray electrical fields can 
unduly affect the test signals. Encasing the signal lines with a grounded metal dramatically 
reduces currents due to EMC and other electrical noise. It is not necessary to individually 
shield each line, such as in coaxial cabling, but separating voltage supply lines and 
current-return lines is recommended. A single EMC shield can be used to encase all 
current-return lines. 

h) During the actual execution of the test programme, the verification coupon should be 
connected to the high-resistance measurement system via an external connector or 
connection. The test specimens can then be periodically measured to verify that the high- 
resistance measurement system is in proper operation condition should anomalous 
readings be observed.  

11 N: Environmental test methods 

11.1 Test 5N01: Reflow solderability test for soldering joint 

For the details of this test method, see 5.1 of IEC 62137:2004, the requirements of which 
become mandatory when referenced as test 5N01.  
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11.2 Test 5N02: Resistance to reflow solderability of test board 

For details of this test method, see Clause A.1 of IEC 62137:2004, the requirements of which 
become mandatory when referenced as test 5N02. 

11.3 Test 5N03: Solderability test for test board land 

For details of this test method, see Clause A.2 of IEC 62137:2004, the requirements of which 
become mandatory when referenced as test 5N03. 

12 X Miscellaneous test methods 

12.1 Test 5X01: Liquid flux activity, wetting balance method  

12.1.1 Object 

This test prescribes the recommended test method for assessing the activity of liquid fluxes 
using a wetting balance.  

12.1.2 Test specimen  

The test specimen shall be a copper coupon complying with any acceptable industry 
specification. The width shall be (6,0 ± 0,25) mm wide; the length should be (25,0 ± 1) mm 
long or as appropriate to the test equipment. The thickness shall be (0,5 ± 0,05) mm.  

12.1.3 Apparatus and reagents 

The apparatus shall consist of the following. 

a) A meniscus force measuring device (wetting balance) which includes a temperature-
controlled solder pot containing solder maintained at (245 ± 3) °C. Note that the reaction 
rate is very sensitive at this temperature. 

 Solder composition shall be Sn60/Pb40 or Sn63/Pb37. 
b) A chart recorder, data logger, or computer capable of recording force as a function of time 

with a minimum recorder speed of 10 mm/s.  
c) A mechanical dipping device as shown in Figure 12 shall be used. This device shall be 

present to produce an immersion and emersion rate of (20-25) mm/s to a depth of (6,0 ± 
0,1) mm and a dwell time of (5,0 ± 0,5) s.  

12.1.4 Procedure 

12.1.4.1 Preparation  

a) The test specimen should be cleaned (degreased) by immersion in a suitable solvent, then 
cleaned using a (10 ± 1) % fluoroboric acid dip. 

b) The coupon shall then be washed with water and dried.  

12.1.4.2 Test  

a) After mounting the specimen in a suitable holder, the coupon should be immersed in the 
liquid flux at room temperature to a minimum depth of 10 mm.  

b) Excess flux is to be immediately drained off by standing the specimen vertically on a clean 
filter paper for 1 to 5 s.  

c) After partial drying, it should be mounted in the test equipment.  
d) The surface of the molten solder shall be skimmed just prior to immersing the specimen in 

the solder.  
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e) The specimen in its holder shall be held for approximately (10 ± 1) s, 3 mm above the 
solder pot. The test shall be started and the specimen immersed only once using an 
immersion and emersion rate of (20-25) mm/s to a depth of (5,0 ± 0,1) mm and a dwell 
time of (5,0 ± 0,5) s.  

f) During the test, the wetting curve shall be recorded on a suitable device for use in the 
evaluation.  

12.1.5 Evaluation 

Using the coupon as specified, fluxes which shall be evaluated for the following.  

a) A wetting time (Tw) for the wetting curve to cross the corrected zero axis after the start of 
the test (see Figure 13)  

b) A maximum wetting force, Fmax, taken after correction for buoyancy.  

12.1.6 Additional information 

This test method can be useful in re-qualifying materials that have exceeded the 
recommended shelf life. In addition, the method can help evaluate fluxing power prior to 
manufacturing operations on critical applications.  

12.1.6.1 Safety 

Observe all appropriate precautions on MSDS for chemicals involved in this test method.  

12.1.6.2 Correction for buoyancy 

For the wetting balance to obtain wetting force values that are relatable to one another, it is 
necessary to correct for the variability in specimen sizes, in particular width and thickness. 
This is done by correcting for the volume of the sample immersed in the solder. The following 
formula may be used to calculate the buoyant force correction: 

Pb = ρ gV 

where 

ρ  is the density of solder at 245 °C (8,15 g/cm3) 7; 

g  is the acceleration of gravity (9,81 × 103 mm s–2 ); 

V is the immersed volume of coupon (cm3) = width × thickness × immersion depth.  

When the buoyancy force is calculated it should be used to correct the zero axis. This 
correction is required to obtain both the proper measurement of wetting times as well as 
wetting forces. All measurements of wetting times and wetting forces shall be made from the 
corrected zero axis. In the case of an upright curve, the new corrected zero axis will be below 
the instrument zero (see Figures 8 and 9). 

————————— 
7 For Sn60/Pb40 alloy. 

Full document details: IEC 61189-5 2006

http://www.avadocuments.com/doc/iec-61189-5-2006
http://www.avadocuments.com/doc/iec-61189-5-2006


 – 32 – 61189-5 © IEC:2006 

 
 

Signal 
conditioner

Chart 
recorder 

Controls 

Heater 
Solder 
bath 

Copper 
coupon 

LVDT 
(transducer) 

Relative 
motion 

Clamp 

IEC   1620/06  
Figure 8 – Wetting balance apparatus 
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NOTE The vertical force measured by the wetting balance is made up from two forces – the buoyancy force and 
the wetting force caused by the contact angle changing from initial non-wetting to wetting. The buoyancy force may 
be considered during the test, and is equal to the weight of the solder displaced, when the specimen is immersed 
into the solder. The only changing force is the wetting force, caused by the changing contact angle, as the 
specimen solders. 

The corrected zero (buoyancy) line is the force when the contact angle is 90° or when the bath surface has 
returned to horizontal, having been initially depressed by the immersed sample. The wetting balance curve is 
centred on the corrected zero (buoyancy) line since the only parameter that changes during the test is the contact 
angle θ. 

See Equation 1: 

F= γ p cos θ - g ρv Equation 1 

Buoyancy = gpv Equation 2 

Where 

F is the measured force in micronewtons; 

γ is the surface tension of molten solder (400 μN mm–1); 

p is the specimen perimeter in mm; 

θ is the contact angle; 

g is the gravitational acceleration (9,81 × 103 mm s–2); 

ρ is the solder density (8 000 μg mm–3); 

v is the immersed volume in mm3. 

The corrected zero line (buoyancy) is a fixed reference point from which the force measurements should be taken. 
This line should also be used as a reference point for any time measurements. Altering the specimen dimensions 
changes the immersed volume and hence the buoyancy, and so alters the position of the corrected zero line; but 
the wetting curve still remains centred on this line. Similarly, any change in immersion depth will also alter the 
immersed volume, with the same effect on the buoyancy. Although use of the corrected zero line will cancel small 
variations in the specimen immersed volume and the immersion depth, large changes will affect the rate of heat 
transfer into the specimen, which will affect both Tw, the time to recross the corrected zero (buoyancy) line and the 
time to reach Fmax. 

Figure 9 – Wetting balance curve  
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12.2 Test 5X02: Paste flux viscosity – T-Bar spindle method 

12.2.1 Object  

This test method is designed to measure the viscosity of paste flux.  

12.2.2 Test specimen 

The test specimen shall contain enough paste flux to fill a container with a minimum diameter 
of 4 cm to a minimum depth of approximately 10 cm. 

12.2.3 Apparatus and reagents  
a) Viscometer with helipath stand and a T-C spindle (Brookfield RVTD or equivalent).  

b) Water bath capable of holding (25 ± 0,5) °C.  
c) Stopwatch. 
d) Spatula.  

12.2.4 Procedure  

12.2.4.1 Test  

a) Place container of paste flux in water bath at (25 ± 0,5) °C.  
b) When medium has attained thermal equilibrium, place container under spindle so that it is 

at the centre of the surface.  
c) Start the Brookfield at 5 r/min and start the helipath stand on descent.  
d) Record the value 2 min after the spindle has cut into the top surface of the medium. 

Check that the spindle is not touching the bottom of the container.  
e) Remove the spindle from the paste flux. Using the spatula, stir the flux vigorously for (15- 

20) s and re-measure the viscosity.  

12.2.4.2 Expression of results 

The viscosities are calculated from the values recorded after 2 min of medium penetration. 
Both stirred and unstirred results should be quoted.  

12.2.5 Safety notes 

Observe all appropriate precautions on MSDS for chemicals involved in this test method.  

12.3 Test 5X03: Spread test, liquid or extracted solder flux, solder paste and extracted 
cored wires or preforms 

12.3.1 Object 

This test method gives an indication of activity of wave solder fluxes, core solder fluxes, and 
solder paste. The test method offers two methods. 

Method A measures the solder spread area. 
Method B measures the solder spread ratio. 

12.3.2 Method A 

12.3.2.1 Test specimen 

a) For liquid or extracted solder flux, a minimum of 10 ml that is furnished in a clean glass 
container. 

b)  For paste flux and solder paste flux, 10 ml of the diluted material (35 %). 
c)  For preform and cored wire, 10 ml of the extracted material. 
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12.3.2.2 Apparatus and reagents 

a) Five replicates of 0,25 mm thick 70/30 brass of a size of approximately 40 × 75 mm. 
b) Degreased very fine steel wool (for example, #00). 
c) Solder wire from Sn60Pb37A according to IEC 61190-1-3 with a diameter of 1,5 mm. 
d) A solder pot not less than 25 mm in depth containing at least 2 kg solder. 

12.3.2.3 Test specimen preparation 

a)  Clean five brass coupons with steel wool. 
b)  Flatten the brass coupon by bending the opposite sides of the coupon. The two bends 

should be parallel to the curve of the metal coil in which the brass was provided in order to 
stiffen and flatten the test specimen. 

c)  Cut a 30 mm length of solid wire solder. 
d)  Wrap the cut length of solder around a 3 mm mandrel. 
e)  Cut the coil into individual rings to make a preform of the solder. 

12.3.2.4 Test 

a)  Maintain the solder pot at (260 ± 10) °C. 
b)  Place the preformed solder on the centre of the test specimen. 
c)  Place one drop (0,05 ml) of flux on the centre of the preform of the test specimen. 
d)  Carefully place the coupon on the surface of the solder bath for 15 s. 
e)  Remove the coupon in a horizontal position and place on a flat surface allowing the 

adhered solder to solidify undisturbed. 
f)  Remove all flux residue with a suitable solvent. 

12.3.2.5 Evaluation 

Measure the solder spread area by comparing to circles (pre-drawn) with areas similar to 
those listed in Table 5. The mean of the spread of all five specimens tested shall be reported. 

Table 5 is intended as an aid in defining areas in mm2. 

Table 5 – Typical spread areas defined in mm2 

Diameter  

mm 

Area 

 mm2 

10,00 78,54 

10,70 90,00 

11,28 100,00 

 
12.3.3 Method B 

12.3.3.1 Test specimen 

a)  Flux may be used from several products. These may be solder paste, flux cored solder 
wire and liquid flux. 

b)  For solid flux, 25 mass % propan-2-ol or other appropriate solvent solution. 
c)   Solder wire of Sn63Pb37A as specified in IEC 61190-1-3 shall be wrapped on a ring bar   

with a diameter of 3,3 mm. 
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12.3.3.2 Apparatus and reagents 

a) Solder bath: A solder bath with a depth of not less than 30 mm, 100 mm × 150 mm or 
more in width and length, provided with a temperature controller up to (50 ± 2) °C above 
the liquidus temperature of the tested solder. 

b) Dryer: An air convection oven with a temperature controller up to (150 ± 3) °C and capable 
of maintaining the temperature. 

c) Tongue of other proper tool suitable to lift up the test piece from the solder bath. 
d) Scrubber: Suitable to remove easily the oxidized film of solder in the bath. 
e) Spatula. 
f) Metal mask: Thickness of 2,5 mm with a hole of 6 mm diameter. 
g) Micrometer: Measurable to 0,001 mm. 
h) Micro syringe or micro pipet: Measurable of 0,05 ml.  
i) General experimental device: All-glass device.  
j) Abrasive paper (waterproof).  
k) Alcohol: Ethyl alcohol (reagent grade). 
l) propan-2-ol (reagent grade). 
m) Washing solvent: Proper solvent to remove the flux residue after soldering. 

n) Copper plate: A plate of 50 mm × 50 mm × 0,5 mm dimensions of dephosphate copper (to 
prevent surface oxidation). 

o) Solder: Sn63Pb37A specified in IEC 61190-1-3 as reference specimen. 

12.3.3.3 Test specimen preparation 

12.3.3.3.1 Procedure of test 

a)  Preparation of an oxidated copper plate: The surface shall be cleaned with alcohol. One 
side of the plate shall be polished by abrasive paper, cleaned with alcohol, and dried 
thoroughly at room temperature. Put this plate into a dryer set at (150 ± 3) °C for 1 h and 
oxidate the plate. Four corners of the plate could be bent for easy application of a tongue. 

b)  Solder test specimen for liquid, solid and paste flux. Test specimen shall be one bar of 
3,2 mm diameter on which wire solder of Sn63Pb37A with 1,6 mm diameter is wound.  

c)  Resin/rosin flux cored solder and solder paste. Product itself shall be used. 

12.3.3.3.2 Preparation of test piece  

a) Resin/rosin flux cored solder: After washing the face with acetone and rinsing with 
deionized water and then with propan-2-ol, measure and cut off (0,30 ± 0,03) g of 
specimen, swirl it, and place at the centre of the copper plate. Five test specimens shall 
be prepared. 

b) Liquid flux: Measure (0,05 ± 0,005) ml from the specimen using a micro syringe or micro 
pipet, drop it at the centre of the copper plate, and put a solder test piece on the flux. This 
represents the test specimen. Five such specimens shall be prepared.  

c) Paste flux: Place (0,025 ± 0,003) g of specimen at the centre of the copper plate and 
place the solder test piece on it. Five test specimens shall be prepared. 

d) Solid flux: Adjust 25 mass % test solution with propan-2-ol or suitable solvent and 
measure and take (0,05 ± 0,005) ml by using micro syringe or micro pipet, and drop it at 
the centre of the copper plate. Place the solder piece on it. Five test specimens shall be 
prepared.  

e) Solder paste: After stirring with a spatula the solder paste kept at room temperature, apply 
to the copper plate with a metal mask. Five test specimens shall be prepared. 
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