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INTERNATIONAL ELECTROTECHNICAL COMMISSION

TEST METHODS FOR ELECTRICAL MATERIALS,
PRINTED BOARDS AND OTHER INTERCONNECTION
STRUCTURES AND ASSEMBLIES -

Part 5-3: General test methods for materials and assemblies —
Soldering paste 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 itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

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

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

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

International Standard IEC 61189-5-3 has been prepared by IEC technical committee 91:
Electronics assembly technology.

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

FDIS Report on voting
91/1211/FDIS 91/1224/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.

This publication has been drafted in accordance with the ISO/IEC Directives, Part ZDocuments
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This International Standard is used in conjunction with IEC 61189-1:1997, IEC 61189-2:2006,
IEC 61189-3:2007.

A list of all parts in the IEC 61189 series, published under the general title Test methods for
electrical materials, printed boards and other interconnection structures and assemblies, can
be found on the IEC website.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

IEC 61189 relates to test methods for materials or component robustness for printed board
assemblies, 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 robustness of materials or
components for 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:

preparation/conditioning methods
visual test methods

dimensional test methods
chemical test methods
mechanical test methods
electrical test methods

Zzm=Z200=<DT

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 criteria.

The letter and number combinations are for reference purposes to be used by the relevant
specification. Thus "5-3X01" represents the first chemical test method described in
IEC 61189-5-3.

In short, in this example, 5-3 is the number of the part of IEC 61189, X is the group of
methods, and 01 is the test number.

Documents
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TEST METHODS FOR ELECTRICAL MATERIALS,
PRINTED BOARDS AND OTHER INTERCONNECTION
STRUCTURES AND ASSEMBLIES -

Part 5-3: General test methods for materials and assemblies —
Soldering paste 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.

This part of IEC 61189 focuses on test methods for soldering paste based on the existing
IEC 61189-5 and IEC 61189-6. In addition, it includes test methods of soldering paste for lead
free soldering.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 61189-5, Test methods for electrical materials, interconnection structures and
assemblies — Part 5: Test methods for printed board assemblies

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

IEC 61190-1-2:2014, Attachment materials for electronic assembly — Part 1-2: Requirements
for soldering 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

3 Accuracy, precision and resolution

3.1 General

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
Documents
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— 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.

3.2 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 should
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.

3.3 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 %.

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.

Up=t4(UZ+U3) +U; Documents
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where

U is the total uncertainty;

Us is the systematic uncertainty;

U; is the random uncertainty;

U; 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.

_txo

U=

where

U, is the random uncertainty;

n is the sample size;

t is the percentage point of the ¢ distribution as shown in Table 1;

o is the standard deviation (c,_1).

3.4 Resolution

It is paramount that the test equipment used be 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).

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

a) the test method used;

b) the identity of the sample(s);

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.
3.6 Student’s ¢ distribution

Table 1 gives values of the factor ¢ for 95 % and 99 % confidence levels, as a function of the
number of measurements.
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Table 1 — Student’s ¢ distribution

Sample t value t value Sample t value t value
size 95 % 99 % size 95 % 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 21 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

3.7 Suggested uncertainty limits

The following target uncertainties are suggested:

a) Voltage < 1 kV: +1,5%
b) Voltage > 1 kV: +25%
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: +1s

i) Interval > 60 s: +2%
j) Mass <10 g: +0,5%
k) Mass 10 g — 100 g: +1%
) Mass > 100 g: +2%
m) Force: +2%
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 Documents
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u) lonic contamination: +10 %
4 X: Miscellaneous test methods

4.1 Test 5-3X01: Paste flux viscosity — T-Bar spindle method
411 Object

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

4.1.2 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.

41.3 Apparatus and reagents

a) Viscometer with helipath stand and a T-C spindle (Brookfield RVTD1 or equivalent).
b) Water bath capable of holding (25 + 0,5) °C.

c) Stopwatch.

d) Spatula.

41.4 Procedure

41.41 Test
a) Place the container of paste flux in the water bath at (25 + 0,5) °C.

b) When the medium has attained thermal equilibrium, place the container under the 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.

414.2 Expression of results

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

41.5 Safety notes

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

4.2 Test 5-3X02: Spread test, extracted solder flux, paste flux and solder paste
421 Object

This test method gives an indication of activity of solder paste. The test method offers two
methods.

Method A measures the solder spread area.

1 Brookfied RVTD is the trade name of a product supplied by Brookfield Engineering Laboratories, Inc. This
information is given for the convenience of users of this document and does not constitute an ennaa&ﬂm t
IEC of the product named. Equivalent products may be used if they can be shown to lead to the s ! ents
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Method B measures the solder spread ratio.

4.2.2 Method A

4221 Test specimen
a) For 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 %).

4222 Apparatus and reagents
a) Five replicates of 0,25 mm thick 70/30 brass of a size of approximately 40 mm x 75 mm.
b) Degreased very fine steel wool (for example, #00).

c) Solder wire from Sn63Pb37A, or Sn96.5Ag3Cu0.5, or any other solder alloy wire agreed
between the user and the supplier per 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.

4223 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.

4.2.2.4 Test

a) Maintain the solder bath at (260 + 3)°C for Sn60Pb40, or at (255+ 3)°C for
Sn96.5Ag3Cu0.5, or at (35 + 3) °C higher than the liquidus temperature for any other
solder alloy agreed between the user and the supplier .

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.

42.2.5 Evaluation
Measure the solder spread area by comparing to circles (pre-drawn) with areas similar to

those listed in Table 2. The mean of the spread of all five specimens tested shall be reported.
Record the data and enter it in Table 12.

Table 2 is intended as an aid in defining areas in mmZ.

Table 2 — Typical spread areas defined in mm?2

Diameter Area
mm mm?
10,00 78,54
10,70 90,00
11,28 100,00
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423 Method B

4231 Test specimen
a) Flux may be used from several products. These may be solder paste and paste flux.

b) Solder wire of Sn63Pb37, or Sn96.5Ag3Cu0.5, or any other solder alloy agreed between
the user and the supplier specified in IEC 61190-1-3 shall be wrapped on a ring bar with a
diameter of 3,3 mm.

4.2.3.2 Apparatus and reagents

a) Solder bath: A solder bath with a depth of not less than 30 mm, 100 mm x 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).

I) 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 x 50 mm x 0,5 mm dimensions of dephosphate copper (to
prevent surface oxidation).

o) Solder: Sn63Pb37, or Sn96.5Ag3Cu0.5, or any other solder alloy agreed between the user
and the supplier specified in IEC 61190-1-3 as reference specimen.

4.2.3.3 Test specimen preparation

4.2.3.31 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 Sn63Pb37, or Sn96.5Ag3Cu0.5, or any other
solder alloy agree with 1,6 mm diameter is wound.

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

4.2.3.3.2 Preparation of test piece

a) 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.

b) 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.
4.2.3.4 Test

a) The test piece shall be heated while floating on a solder bath kept at (233 + 3) °C for

Sn63Pb37, or at (255 + 3) °C for Sn96.5Ag3Cu0.5, or at (35+ 3)°C highebtg%nut'tﬁents
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liquidus temperature for any other solder alloy agreed between the user and the supplier,
and kept at this temperature for 30 s after having fused.

b) Lift the test piece from the bath and cool it down.
c) Remove the flux residue by proper solvent.

4.2.3.5 Evaluation

The height of the spread solder fused shall be measured by a micrometer or other proper
equipment. From this height, the spreading ratio shall be calculated from the formula shown
below.

This procedure shall be repeated on five of the test pieces and a mean value shall be
obtained, giving this as the spreading ratio of the flux representing solder under test.

Sg =100 x (D — H)/D

Sgr is the spreading ratio (%);
H is the height of the spread solder (mm);

D is the diameter of the solder (mm), when it is assumed to be a sphere (mm) (D = 1,24
y113).
vV is the mass/density of the tested solder.

In the case of resin flux cored solder and solder paste, the mass of solder used for the test
shall be the mass of the specimen subtracting the flux contained.

Record the data and enter it in Table 12.

4.2.4 Additional information

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

ASTM B-36 brass plate, sheet, strip, and rolled bar (according to ASTM-B-36 C2600 HO2; see
Bibliography).

4.3 Test 5-3X03: Solder paste viscosity — T-Bar spin spindle method (applicable for
300 Pa-s to 1 600 Pa-s)

4.31 Object

The test specifies a standard procedure for determining the viscosity of solder paste in the
range of 300 Pa-s to 1 600 Pa-s.

4.3.2 Test specimen

The paste to be tested shall be stabilized at (25 + 1) °C for a minimum of 24 h prior to testing.
The paste volume shall be sufficient to fill a test container having a minimum diameter of 5 cm
and a minimum depth of 5 cm.

4.3.3 Equipment/apparatus

The equipment used shall consist of a spindle-type viscometer (Brookfield RVTD or equivalent)
with a reversible helipath stand and pen recorder. A TF spindle shall be used for tests and
operated at 5 r/min. Other equipment may be used provided the results can be empirically
correlated as mutually agreed upon with the following test. Additional shear rates may be

specified by the user or supplier. Documents
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4.3.4 Procedure

43.41 Preparation

a) Open the supply container(s); remove any internal cover(s), scrape off the paste adhering
to the lid(s), internal covers, and the container walls; add this material to the paste in the
supply container(s).

b) Using a spatula, stir the paste gently for 1 min to 2 min to homogenize it, taking care to
avoid the introduction of air.

c) If necessary, gently transfer the paste to the test container having the specified volume
without introducing air. Note that if the supply container meets the volume and size
requirements, a separate test container is not needed.

d) The test container shall be placed in a constant temperature environment of
(25 £ 0,25) °C. The solder paste shall remain stationary for a minimum of 2 h to reach
temperature and rheological equilibrium. For freshly manufactured products, products
which require significant adjustment with thinner (greater than 1/2 % by weight), or
products having rheological characteristics requiring a longer time to stabilize, the
stabilization time shall be increased to 4 h or as mutually agreed upon by user and
supplier.

e) Set the bottom stop for helipath travel to position the T spindle at 2,8 cm below the
surface of the solder paste in the test container. The bottom stop of the spindle shall be a
minimum of 1 cm above the bottom of the container. Set the upper stop to position the
spindle at 0,3 cm below the surface of the solder paste.

4.3.4.2 Test

Immerse the spindle in the solder paste and record data for 10 min (5 cycles). The
temperature of the solder paste during the test shall be maintained at (25 + 0,25) °C.

4.3.5 Evaluation
Viscosity shall be expressed as the value calculated from the average of the peak and valley
of the last two cycles. If the average for the first two cycles is more than 10 % higher than the

last two cycles, the test is invalid and additional equilibrium time is required. Record the data
and enter it in Table 12.

4.3.6 Additional information

Test equipment sources: The equipment sources described below represent those currently
known to the industry. Additional source names can be added when available.

Spindle Type Viscometer Equipment Brookfield Engineering Laboratories, Inc. 240 Cushing
Street Stoughton, MA 02072 (617) 344-43102

4.4 Test 5-3X04: Solder paste viscosity — T-Bar spindle method (applicable to
300 Pa-s)

441  Object

This test specifies a standard procedure for determining the viscosity of solder paste
applicable to 300 Pa-s.

2 This information is given for the convenience of users of this document and does not constitute an_endorsement
by IEC of the product named. Equivalent products may be used if they can be shown to Ieam@ments
results.
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4.4.2 Test specimen

Paste to be tested shall stabilize at (25 + 1) °C for a minimum of 24 h prior to testing. The
paste volume shall be sufficient to fill a test container having a minimum diameter of 5 cm and
a minimum depth of 5 cm.

443 Equipment/apparatus

Equipment used shall be a spindle type viscometer (Brookfield RVTD3 or equivalent) with a
helipath stand and pen recorder. A TC spindle shall be used for tests. Spindle speed shall be
5 r/min. Other equipment may be used provided the results can be empirically correlated as
mutually agreed upon with the following test. Additional shear rates may be specified by the
user or supplier.

444 Procedure

4441 Preparation

a) Open the supply container(s); remove any internal cover(s); scrape off the paste adhering
to the lid(s), internal covers, and the container walls; and add this material to the paste in
the supply container(s).

b) Using a spatula, stir the paste gently for 1 to 2 min to homogenize it, taking care to avoid
the introduction of air.

c) If necessary, gently transfer the paste to the test container having the specified volume
without introducing air.

NOTE |If the supply container meets the volume and size requirements, a separate test container is not
needed.

d) The test container shall be placed in a constant temperature environment of
(25 + 0,25) °C.

e) After reaching (25 + 0,25) °C, the solder paste shall be stirred and then tested within
20 min to minimize the settling of the metal powder while remaining at 25 °C.

4.4.4.2 Test

Set the solder paste container below the spindle. Record data as the spindle penetrates the
solder paste.

445 Evaluation

The viscosity is calculated from the value recorded after the bar of the spindle comes in
contact with the surface of the paste. Record the data and enter it in Table 12.

4.4.6 Additional information

Test equipment sources: The equipment sources described below represent those currently
known to the industry. Additional source names can be added when available.

Spindle Type Viscometer Equipment Brookfield Engineering Laboratories, Inc. 240 Cushing
Street Stoughton, MA 02072 (617) 344-43104

3 Brookfied RVTD is the trade name of a product supplied by Brookfield Engineering Laboratories, Inc. This
information is given for the convenience of users of this document and does not constitute an endorsement by
IEC of the product named. Equivalent products may be used if they can be shown to lead to the same results.
4 This information is given for the convenience of users of this document and does not constitute an_endorsement
by IEC of the product named. Equivalent products may be used if they can be shown to Ieam@ments
results.
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4.5 Test 5-3X05: Solder paste viscosity — Spiral pump method (applicable for 300 Pa-s
to 1 600 Pa-s)

4.51 Object

The test specifies a standard procedure for determining the viscosity of solder paste for
300 Pa's to 1 600 Pa-s.

4.5.2 Test specimen

The paste to be tested shall be stabilized at (25 £ 1) °C for a minimum of 24 h prior to testing.
The paste volume shall be sufficient to fill the viscometer receptacle to about 60 % of its
depth.

4.5.3 Equipment/apparatus

The equipment used shall be a spiral pump viscometer (Malcom, Brookfield Viscometer or
Rheometer with spiral adaptor accessory, or equivalent). Set the instrument rotational speed
to 10 r/min. Other equipment may be used provided the results can be empirically correlated
as mutually agreed upon. Additional shear rates may be specified by the user or the supplier.

454 Procedure

4541 Preparation

a) Open the container(s), remove any internal cover, scrape off the paste adhering to the lids
or internal cover(s) and the container wall(s) and add this to the paste in the container(s).

b) Using a spatula, stir the paste gently for (1-2) min to homogenize it, taking care to avoid
the introduction of air.

c) Transfer sufficient paste to the viscometer receptacle to fill this to about 60 % of its depth.
Place the receptacle in the temperature controlled unit of the viscometer and allow it to
stabilize at (25 + 0,25) °C for 15 min minimum.

4.54.2 Test

a) Immerse the instrument sensor into the sample in accordance with the equipment
manufacturer's instructions. The solder paste should not cover the pump outlet.

b) Turn on the chart recorder and set the instrument to run at one specific shear rate. Take a
reading when the output has been stable for at least 1 min. If additional shear rates are to
be measured, adjust the speed vernier and repeat the above.

c) Record the viscosity measured at the single-shear-rate value. By mutual agreement
between user and supplier, multiple shear rates shall be used to develop the solder-paste
shear-sensitivity factor.

455 Evaluation

Record the data and enter it in Table 12.

4.5.6 Additional information

Test equipment sources: The equipment sources described below represent those currently
known to the industry. Additional source names can be added when available.

Spiral pump viscometer equipment>:

5 This information is given for the convenience of users of this document and does not constitute an_endorsement
by IEC of the product named. Equivalent products may be used if they can be shown to Ieam@wents
results.
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Brookfield Engineering Laboratories, Inc. 240 Cushing Street Stoughton, MA 02072 (617)
344-4310

Malcom Instruments Corp. 26226 Industrial Blvd., Hayward, CA 94545, (510) 293-0580, (510)
293-0584

Shear sensitivity factor is defined as the absolute value of the slope of a graph of the log
viscosity versus log r/min.

4.6 Test 5-3X06: Solder paste viscosity — Spiral pump method (applicable to 300 Pa-s)
4.6.1 Object

This test specifies a standard procedure for determining the viscosity of solder paste
applicable at 300 Pa-s.

4.6.2 Test specimen

The paste to be tested shall be stabilized at (25 + 1) °C for a minimum of 24 h prior to testing.
The paste volume shall be sufficient to fill the viscometer receptacle to about 60 % of its
depth.

4.6.3 Equipment/apparatus

The equipment used shall be a spiral pump viscometer (Malcom, Brookfield Viscometer or
Rheometer with spiral adaptor accessory®, or equivalent). Set the instrument rotational speed
for 10 r/min. Other equipment may be used provided the results can be empirically correlated
as mutually agreed upon. Additional shear rates may be specified by the user or the supplier.

4.6.4 Procedure

4.6.4.1 Preparation

a) Open the container(s), remove any internal cover, scrape off the paste adhering to the lids
or internal cover(s) and the container wall(s) and add this to the paste in the container(s).

b) Using a spatula, stir the paste gently for 1 to 2 min to homogenize it, taking care to avoid
the introduction of air.

c) Transfer sufficient paste to the viscometer receptacle to fill this to about 60 % of its depth.
Place the receptacle in the temperature-controlled unit on the viscometer and allow it to
stabilize at (25 = 0,25) °C for 15 min.

4.6.4.2 Test

a) Immerse the instrument sensor into the sample in accordance with the equipment
manufacturer's instructions. The solder paste shall not cover the pump outlet.

b) Turn on the chart recorder and set the instrument to run at one specific shear rate. Take a
reading when the output has been stable for at least 1 min.

4.6.5 Evaluation

Record the data and enter it in Table 12.

4.6.6 Additional information

Test equipment sources: The equipment sources described below represent those currently
known to the industry. Users of this test method are urged to submit additional source names
as they become available, so that this list can be kept as up-to-date as possible.

6  This information is given for the convenience of users of this document and does not constitute an_endorsement
by IEC of the product named. Equivalent products may be used if they can be shown to Ieam@wents
results.
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Spiral pump viscometer equipment?:

Brookfield Engineering Laboratories, Inc., 240 Cushing Street, Stoughton, MA 02072
(617) 344-4310;

Malcom Instruments Corp., 26226 Industrial Blvd., Hayward, CA 94545, (510) 293-0580,
(510) 293-0584

4.7 Test 5-3X07: Solder paste — Slump test
4.71 Object

This procedure determines vertical and horizontal slump for solder pastes.

4.7.2 Test specimen

A standard specimen shall be prepared using a clean frosted glass microscope slide
measuring 7,6 cm x 2,5 cm, minimum 1 mm thick. An equivalent alumina or glass epoxy
substrate may be used.

4.7.3 Equipment/apparatus

a) Stencils.

b) Stencil patterns (as shown in Figures 1 and 2 of IEC 61190-1-2:2014).

c) Steel squeegee (razor blade).

d) Oven.
)

e) Microscope.

4.7.4 Procedure

4.7.4.1 Preparation

a) Prepare the specimen using the appropriate stencil pattern shown in Figures 1 and 2 of
IEC 61190-1-2:2014. Deposit solder paste patterns on two substrates for each stencil
pattern. The printed pattern shall be uniform in thickness with no solder particles outside
the lands. The supplier and user should use the same printing method (see Figures 1 and
2).

b) One test specimen shall be marked as specimen #1 and one specimen as #2 and
processed in accordance with item a).

7 This information is given for the convenience of users of this document and does not constitute an_endorsement
by IEC of the product named. Equivalent products may be used if they can be shown to Ieam@wents
results.
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4.7.4.2

Test
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a) The specimens shall be stored for (10 to 20) min at (25 + 5) °C and (50 + 10) % relative

humidity and specimen #1 examined for slump.

b) Specimen #2 shall be heated to (150 + 10) °C for 10 to 15 min, cooled to ambient and
examined for slump.

4.7.5 Evaluation

Enter the spacings which have bridged with a suitable check mark in Tables 3 or 4.

Table 3 — Example of a test report — Stencil thickness, 0,2 mm

Stencil (0,2 mm thick)
Land size 0,63 mm x 2,03 mm Land size 0,33 mm x 2,03 mm
Spacing Hor. Vert. Spacing Hor. Vert.
mm mm
0,79 0,45
0,71 0,40
0,63 0,35
0,56 0,30
0,48 0,25
0,41 0,20
0,33 0,15
0,10
0,08
Table 4 — Example of a test report — Stencil thickness, 0,1 mm
Stencil (0,1 mm thick)
Land size 0,33 mm x 2,03 mm Land size 0,2 mm x 2,03 mm
Spacing Hor. Vert. Spacing Hor. Vert.
mm mm
0,45 0,30
0,40 0,25
0,35 0,20
0,30 0,175
0,25 0,15
0,20 0,125
0,15 0,10
0,10 0,075
0,08

4.8 Test 5-3X08: Solder paste — Solder ball test
4.8.1 Object
This test is carried out to determine the reflow properties of the solder paste. The ability of the

pre-alloyed solder particles in the paste to reflow into a sphere on a non-wettable substrate is
determined under defined test conditions.
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4.8.2 Test specimen

The test specimen shall consist of a frosted glass microscope slide, an alumina substrate or
glass/epoxy printed circuit-board with a thickness of 0,60 mm to 0,80 mm and a minimum
length and width dimension of 76 mm and 25 mm, respectively.

4.8.3 Equipment/apparatus
a) Metal stencils

— Stencil for solder paste using solder powder Type 1-4 in accordance with IEC 61190-1-
2: Stencil 76 mm x 25 mm x 0,2 mm provided with at least 3 round holes of 6,5 mm
diameter apertures with a minimum distance between centres of 10 mm.

— Stencil for solder paste using solder powder Type 5-6 in accordance with IEC 61190-1-
2: Stencil 76 mm x 25 mm x 0,1 mm provided with at least 3 round holes of 1,5 mm
diameter apertures with a minimum distance between centres of 10 mm.

b) Spatula.

c) Solder bath not less than 100 mm x 100 mm x 75 mm containing solder suitable to
maintain a temperature of 25 °C above the liquidus temperature of the solder paste being
evaluated.

d) Flat hot plate.
e) Surface temperature thermometer.
f) Magnifying glass with a 10x to 20x magnification.

4.8.4 Procedure

48.4.1 Preparation

a) Set the temperature of the solder bath or hot plate to (25 + 3) °C above the liquidus
temperature of the solder alloy.

b) Condition the paste to a uniform temperature of (25 + 2) °C.

c) Homogenize the solder paste by hand stirring with a spatula.

d) Prepare two test specimens with either/or both stencils listed above. The solder paste
should be squeegeed with the spatula to fill and level each hole.

4.8.4.2 Test conditions

a) Test one specimen within (15 + 5) min after placement of solder paste on test specimen.

b) Test the second specimen (4h £ 15 min) after placement of solder paste on test specimen.
Storage for 4 h shall be at (25 + 3) °C and (50 + 10) % RH.

48.4.3 Conditioning heating equipment

a) Clean the surface of the solder bath with the scraper.

b) Remove all foreign material from the surface of the hot plate to ensure proper control.
48.4.4 Solder reflow
Reflow specimens by one of the following two methods.

a) Lower the substrate, in a horizontal position with the paste deposit on top, into the solder
bath at a speed of (25 £ 2) mm/s until the substrate is 50 % submerged. It is important
that good thermal contact is achieved between the molten solder and the substrate. As
soon as the solder has melted, withdraw the substrate from the solder bath maintaining it
in a horizontal position. The total time on the solder bath shall not exceed 20 s.

b) Place the substrate on the hot plate. As soon as the solder has melted, withdraw the
substrate from the hot plate maintaining a horizontal position. The reflow shall occur
within 20 s after the specimen is placed in contact with the hot plate.
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4.8.5
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Evaluation

a) Examine the reflowed specimens under 10x to 20x magnification.

b) Solder-ball size and number should be compared with Figure 3.

IEC 61189-5-3:2015 © IEC 2015

c) Record the degree of reflow in comparison with Figure 3 for the 6,5 mm and 1,5 mm
accept/reject conditions, respectively.

IEC

The solder paste has melted into a big
single solder ball.

a) Category 1 — Preferred
(pass)

IEC

The solder paste has melted into a big
solder ball, which must not be
surrounded by clustered small solder
balls.

b) Category 2 — Acceptable
(pass)

IEC

The solder paste has melted into a big
solder ball, which is surrounded by
clustered solder balls.

c) Category 3 —Unacceptable
clusters (reject)

IEC

The molten solder paste has not melted
completely or has formed many
individual solder balls.

d) Category 4 — Unacceptable
(reject)

Figure 3 — Solder-ball test evaluation
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