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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENVIRONMENTAL TESTING -

Part 2-54: Tests — Test Ta: Solderability testing
of electronic components by the wetting balance method

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardiz
all |national electrotechnical committees (IEC National
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Internptional*Standard IEC 60068-2-54 has been prepared by IEC technical committee 91:

Electrpnics assembly technology.

This second edition cancels and replaces the first edition, published in 1985 and constitutes a

technical revision.

The major technical changes with regard to the previous edition concern:

— the addition of lead free solder alloy (see Clause 7, Materials);

— reversal of force-time curves to align with IEC 60068-2-69 (see Figure 2 and Figure B.1);

— modification to the test requirement for progress of wetting (see Clause 9).
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The text of this standard is based on the following documents:

FDIS Report on voting
91/576/FDIS 91/587/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 2.

IEC 60068 consists of the following parts, under the general title Environm testing¢

Part 1 General and guidance
Part 2| Tests
Part 3 Supporting documentation and guidance

Part 4] Information for specification writers - Test summaries
Part 5 Guide to drafting of test methods

The committee has decided that the contents of this
mainténance result date indicated on the IEC web sit
related to the specific publication. At thi !

* regonfirmed,

e withdrawn,

+ replaced by a revised edition, or
+ amended.

A bilingual version of t b

d at a later date.

unchanged ur
ore.iec.ch" in th

til the
e data
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ENVIRONMENTAL TESTING -

Part 2-54: Tests — Test Ta: Solderability testing
of electronic components by the wetting balance method

1 Scope

This p

shape| of component terminations to determine the solderability It is especia

refere
For sU

This §
lead-f

2 N

The fgllowing referenced documents are mdlspe

dated
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IEC 6

IEC 6

IEC 61190-1-3, Attach|
electrpnic grade ery
applications

3 Te

For th
IEC 6
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The s

ree solder alloys.

ormative references

art of IEC 60068 outlines Test Ta, solder bath wetting balance method-applicable fpr any

suitatEle for
2 hods.

nt. For

ition of

ts for
dering

11 and

ersed

pecimen is suspended from a sensitive balance (typically a spring system) and imni

edgewise to a set depth in a bath of molten solder at a controlled temperature. The resultant of
the vertical forces of buoyancy and surface tension acting upon the immersed specimen is
detected by a transducer and converted into a signal which is continuously recorded as a
function of time on a high-speed chart recorder. The trace may be compared with that derived
from a perfectly wetted specimen of the same nature and dimensions.

Two modes of testing exist:

— The stationary mode,

Sp

ecimen. It is this mode which is standardized in this standard.

intended to study the solderability of a particular place on the

— The scanning mode, intended to study the homogeneity of the solderability of an extended
region of the surface of the specimen. The standardization of this mode is still under

co

nsideration.
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5 Description of the test apparatus

5.1 Test system

A diagram of an arrangement suitable for the test is shown in Figure 1.

Balance and Signal Computer or
transducer conditioner chart recorder
Specimen

Solder bath - —

§
X
[

IEC 477/06

Bath lifting
mechanism

Any ( asuri [ forces acting on the specin

admis S istics given in Annex A.

the salder bath conta sistant to the relevant liquid solder alloy.

6 P

6.1 |Pre

The s e tested in the “as-received” condition unless otherwise specified
on//Care should be taken that no contamination, by contact with the f

relevant specificat
or by pther.means, occurs.

5.2 |Solder bat
The splder bath ; 2 with the requirements of Clause A.7. The matg

en is

rial of

by the
ngers

The specimen may be cleaned by immersion in a neutral organic solvent at room temperature,

but only if required by the relevant specification; no other cleaning is permitted.

6.2 Ageing

When accelerated ageing is prescribed by the relevant specification, one of the methods of 4.5

of IEC 60068-2-20 shall be used.
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7 Materials

71 Solder
711 General

Solder composition shall be specified in the relevant specification.

7.1.2 Solder alloy containing lead

The solder composmon shaII be elther 60 % by mass (Wt %) Sn(tm) and 40 wt % Pb(lead)

-3) or
Unlesg either
3,0 wt .5, or
0,7 wt
NOTE T Sn may
be used i nder of
Sn mayf be used instead of Sn99,3Cu0,7.
7.2 |Flux
The f ed as
follows:
a) rosin based non-activated: consi colophony in 75wt % of 2-propanol
(islopropanol) or of ethyl alce
b) rosin based activatec ition of
digthylammonium ¢ 0,5 %
chloride (exd 3
Information about th
8 P
8.1
8.1.1
Soldef temperature prior to test and during test shall be 235 °C + 3 °C.

8.1.2 Lead-free solder alloy

Unless otherwise specified in the relevant specification, solder temperature prior to test and
during test shall be 245°C + 3 °C for Sn96,5Ag3,0Cu0,5 alloy and 250 °C + 3 °C for
Sn99,3Cu0,7 alloy respectively.

8.2 Fluxing

After mounting the specimen in a suitable holder, the portion of the surface specified shall be
immersed in flux at room temperature. Excess flux is immediately drained off by standing the
specimen vertically on clean filter paper for 1 s to 5 s.
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8.3 Flux drying

The temperature of the solder prior to test shall be as specified in 8.1. The specimen is then
suspended vertically with lower edge 20 mm + 5 mm above the bath for 30 s £+ 15 s to allow
most of the flux solvent to evaporate, before initiating the test. During this drying period the
suspension and the chart recorder trace shall be adjusted to the desired zero position, and
immediately before starting the test, the surface of the solder bath is scraped with a blade of
suitable material to remove oxides.

8.4 Test

The specimen is then immersed at a speed of 5 mm/s + 1 mm/s to 20 mm/s 1 mm/s to the
specified depth in the molten solder and held in this position for a specified time and then
withdriawn. The relevant part of the recorder trace of force versus time is obtained\when the
specimen is held stationary in the immersed position.

NOTE | The specimen should be immersed to the required depth within 0,2 s.

The trace shall be recorded starting immediately before immersi int lten>soldgr and

throughout test period.
Table 1 — Time sequen?/thﬁe\

,,

1) Immersion in flux \ \

2) Flux|drain

VA

Procedure /TI e \ Durztion
X_°)
S~

| —

3) Hang the specimen on the apparatus

4) Prefjeat /\ /TN \) S =20 30 £ 15

5) Wipg¢ the oxide from the sr({der\wrfa\o&a =60

[N
6) Star{ test \ =65 1to5

7) Solder immersior< > 2 < 70 max. 5

NOTE | Time is elapsed {%e\@rﬁ\i@m}ﬂqﬂ flux. Duration is time for relevant procedure.

9 P

9.1

The t force
readir

In F|g -2 ||p\uarr| forces fnnn \uaﬂ-lnn\ are-shown-as nngah\ln ahd-downward-forces /\u tt|ng)

are posmve Usually, force at E is equal to force at D indicating stable wetting cond|t|ons If
force at E is less than at D, some instability in wetting is present (see B.6.1.3).
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i

+Ve

Force '/ E

Fmax: Maximum wetting force

2/3 of Frax

9.2
9.2.1
indica

9.2.2
norms

9.2.3
the co

9.2.4
wettin
time.

9.2.5
specif]

9.2.6

have fhe sameé force

9.2.7

mponent.

At point @
g force. At pojr

Poi at the end of the specified immersion period. Points D and

alue on the same specimen (see B.6.1.3).

IAterpretation of the trace formed during the withdrawal of the specimen

ct, as

his is

ncy of

sultant
pcified

value of the resultant wetting force is reached duripg the

E may

s not

consid

9.3

arod in thao ctationarm, mada
CreCtT T e—otatrorary ot cs

Reference wetting force

In order to obtain a practical reference against which to compare experimental results, the
following procedure shall be carried out for each kind of component to be tested.

A specimen is taken from the sample to be tested and is pre-tinned under optimum conditions
using the activated flux (refer to 7.2). This pre-tinning can be done on the wetting balance, set
at the same conditions as are used for the wetting test. The procedure of pre-tinning shall be
repeated on the same specimen till the maximum force reading does not further increase. The

refere

nce wetting force is this maximum force.
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In order to investigate the general suitability for soldering of a certain material, the reference
wetting force can be compared with the theoretical wetting force obtained by calculation under
the assumptions of an appropriate surface tension constant and density of the solder alloy,
together with the occurrence of "perfect" wetting.

The theoretical wetting force is obtained from the formula:

F=—-gpv+yP
where
g s the-acceleration-of-gravity
o is the density of the solder
y is the surface constant of the solder; and
F is pbtained in mN, if
v th¢ volume of the immersed part of the specimen, is given in

P

NOTE | The formula is appropriate only if the cross-section of the
constant through the length of the specimen. The constants are a
test. It |s dependent on the alloy, temperature and flux (see B.6.2).

9.4

Requirements for solderability shall be
paranieters:

the perimeter of the immersed part of the specimen, is gi

Test requirements

Far the onset of wetting:

lscus is
i in the

owing

5 shall

G GEE R CEE N RS I LT G.1
ageing method, if reqQUIred.........ccoouiiiiiii e 6.2
solder alloy composition to be used...........ccooiiiiiiiiii 7.1
the type of flux to be used ... 7.2
test temperature ... e 8.1
the portion of the specimentobetested ............cooiiiii 8.2
the immersion depth ... 8.4
the duration of IMMErSioON .. ..o e 8.4
the ImMMersion SPeed ... ... e 8.4
the parameters to be measured from the trace...................cocoiiin 9.4

the acceptable values for these parameters...........coooiiii 9.4
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Annex A
(normative)

Equipment specification

For specification purposes the complete apparatus, including the chart recorder, shall be
considered as a single piece of equipment having the following characteristics.

to ce
overs

A.2
sensit

not exceeding 200 mg in the specimen holder.

A3

A.4
0,04 n

A.5

A.6
10 mN

A7
than 1

A.8

A.9
specif]

A.10

statiopary mode.

The chart speed shall be not less than 10 mm/s.

The dimensi
5 mm fro

tre zero on removal of a maximum load shall be accomplished

AA ihe response time of the writing device of the chart recorder shall be such that its

ve range, the maximum deflection from centre shall be o

N.

The i i he lowest point on the specimen shall be adjustable {

ed pesition v and 5 mm with a maximum error of £ 0,2 mm.

The sp immersion shall be 5mm/s + 1 mm/s to 20 mm/s £+ 1 mm/s f

return
ith an

most

mass

ent of

being

bad of

s less

o any

br the

A1

The dwell time at the maximum immersion depth shall be adjustable from 0 s to 10
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Annex B
(informative)

Guide to the use of the wetting balance for solderability testing

B.1 Definition of the measure of "wettability"

The Ctt;llu ba:dllbc lllcthud pcllll;tb thc |||caau|cn|c||t Uf thc vcltiuai fUIbUD abt;lly On a
specimen as a function of time, when it is immersed in a bath of molten sglder-The wé&tiability
of the| specimen is deduced from these observations as the time to reag i ree of
wetting or as the degree of wetting reached within a given time.

A spetification for wettability may require that several points on tF lime onform to
partictilar values. This guide suggests points and values that ma

The test equipment must conform to certain requirements<if re S itative
result$ are to be obtained; the requirements and met i plied

with afe also explained here.

B.2 | Specimen shape

The specimen may be of any shape, but in orderta plify the interpretation of the curye and
the cglculation of forces, it is prefera ed portion of the specimen to|be of
uniform cross-section. To red i iof e specimen should be immersed with
the surfaces to be tested vithin\a vertical and, if the immersed end|of the

specimen has to be cut ut igh ¢s to the vertical axis and be free of byrrs.

The test can b' ) S i as chip capacitors or samples of printed [circuit
board|having large.ares older. However, such areas may produce disjortion
of theg force-time , the present standard is directed to the use |of the

methdd in testing : fions designed to be capable of being wetted by golder
round|the entire imbe section.

B.3

It is important\tha ndard procedure for fluxing and draining the specimens is used go that
the trace js not disturbed by the effects of solvent evaporation or dripping of flux duripg the
coursg af-the test.

B.4 Characteristics of test apparatus

B.4.1 Recording device
B.4.1.1 Zero setting

During the test cycle, the force acting on the specimen reverses direction as non-wetting
changes to a wetted condition. In certain cases the buoyancy force may cause a considerable
vertical displacement of the recorded wetting trace. Therefore, in order to record the whole
sweep of the wetting trace at the highest possible sensitivity, it is necessary to operate the
chart recorder with a zero that is at the centre of the chart, or off-set to a level consistent with
keeping the whole curve on the chart.
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B.4.1.2 Response time (see Clause A.1)

The response time must be small enough to ensure that the recording device reproduces
accurately the rapid changes in force that take place, particularly at the commencement of
wetting. Although in theory this should be infinitely small, in practice a maximum response time
of 0,3 s has proved satisfactory. Thus a chart recorder can be used as the recording device.

The following procedure is used for testing the response time of the instrument and zero
stability. It requires the use of a known mass (which should be sufficient to give a full-scale
deflection of the recorder pen from the mid-point zero) and a specimen holder of a shape
suitable to carry it.

— Wi(th the specimen holder in position, set the recorder to zero.
— Start the chart moving at its maximum speed setting.
— Place the mass on the specimen holder.

— After 2 s or 3 s remove the mass, leaving the chart still running.
— Afier 2 s or 3 s more, replace the mass on the holder.
— Repeat the operation at least 5 times or 6 times, and sw 8 C drive.

The trpce obtained on the chart will give the sensitivity’of the inst ' e chosen Sﬁttings,
the time required for the pen to respond, and the consistgny i to the zero position.

B.4.13

The pf Y of different sizes to be tested.
Such hart recorder with a variety of anpplifier
settings. 1 mN
(corre tween
20 mn

B.4.1.

A mini of the
impor

B.4.2

B.4.2,

The b res the displacement of (typically) a spring assembly induced py the
applie] the specimen. Such a displacement produces a change in depth to
which yancy
force. It is therefore necessary that the sprlng system be suff|C|entIy st|ff SO that its def ection

and t ) . J negligible by
comparison with the other forces belng measured

B.4.2.2 Noise level (see Clause A.4)

The level of electrical and mechanical noise in balance and amplifier systems shall not exceed
10 % of the signal level in the most sensitive test range.

B.4.3 Solder bath (see Clause A.7)

The bath must be of sufficient thermal mass to enable the test temperature to be maintained to
the required precision. The specimen must be sufficiently distant from the walls of the bath
such that the forces acting on it are not affected by curvature of the solder surface at the edges.
The bath temperature, as specified in 8.1, is chosen in order to enhance the discrimination
offered by the test.
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Certain coating dissolve into solder alloy during the test as impurities or shifting composition of
the solder alloy. Impurities in solder or shifted composition may change solderability property of
solder alloy and affect the trace of force. Therefore, it is strongly recommended to verify solder
alloy composition in the solder bath to ensure within the limit.

B.4.4 Bath lifting mechanism and controls
B.4.4.1 Depth of immersion (see Clause A.9)

The depth to which the specimen is immersed in the molten solder (which shall be specified)
has to fulfil the following conditions.

interest. It may be
intain a

a) Injthe wetting process, the rising solder meniscus traverses the region o
nelcessary to trim off the end of the specimen in order to achieve t
clearance from the bottom of the solder bath.

b) The traverse should preferably be over a length of uniform cross:Se

c) Dgpth of immersion shall be reproducible to within 0,2 m yancy

cofrection (which is in general small) is consistent to within X 10 %-in )
NOTE | The deeper the immersion, the more the buoyancy offsets the/zero~force o until,
even fofr perfect wetting, the final signal may remain above the initial balan i

The deeper the immersion, the greater the interface solder

to the|specimen, hence the less the wetting process

B.4.42 Speed of immersion (see

For the standard mode of operation is a
satisfa e solder
bath ( is still
movin
B.4.4.
Speci table.
Howe on on
specir lly be
found

alue recorded early in the test cycle with that at the end|of the

Comphprise
' rmation on the stability of the interface between the solder apd the

dwell fi
specimen.

B.5 | Some representative force-time curves

In these examples, the part of the curve representing forces acting upward on the specimen,
i.e. non-wetting state, is shown as negative, the curve representing forces acting downward, i.e.
wetting, is shown as positive.
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Non-wetting Slow-wetting

/Poor-wetting ~C
uoyant specimen

Very fast wetting

J Unstable wetting

Retarded wetting

Figure B.1 — Representative force-time curves

IEC 479/06

The dotted line represents the condition at the start of the test cycle, having cancelled the
weight of the specimen. The full horizontal line shows the buoyancy offset, where the wetting
force is zero.

The buoyancy of the specimen can be calculated as the product of immersed volume and the
density of the molten solder which it displaces. At the specified test temperature of 235 °C the
rounded-off value of 8 g/cm3 should be used for the density of molten solder with 60 % tin and
40 % lead. For SnAgCu and SnCu solder alloys, the density of molten solder rounded-off value
of 7,1 g/cm3 should be used.
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