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Abstract: This article deals with solders wettability measurement of materials with different surface
finishes, which are commonly used as solder pads on printed circuit board. The measurement was
carried out on two type of solders (Sn63Pb37, Sn95,54g3,8Cu0,7), two types of fluxes (94-RXZ-
M (IPC-ANCI-J-STD-004 - REL0), 323-1TV (C-ANCI-J-STD-004 - REL1)) and as testing material we
used one-side plating PCB (FR4) with four types of surface finishes (pasivated copper, H.A.L,
immersion tin, chemical gold plating). For the measurement we have used one of the commonly
used wettability evaluation methods - wetting balance (meniscograph) method. Wetting balance
method measures the wetting force when the test specimen is immersed into the molten solder bath.
Wetting force is measured as a function of time and recorded as wetting curve. We marked the
wettability, according to the shape of wetting curve, for each testing combination and sorted them into
the table.

The meniscograph is able to assess qualitatively
1. INTRODUCTION the wetting of liquids (molten solders) on various
substrates. It is a flexible tool for quality process
Wettability is an essential characteristic of a  control, which evaluates the critical parameters of the
soldering system for electronics. One of the most etting process.
commonly used wettability evaluation methods is a
wetting balance (meniscograph) method used to
measure the wetting force. The wetting balance test is
sometimes called a meniscograph test. The set-up
diagram of the wetting balance tester (meniscograph)
is shown in figure 1 and in figure 2 is the photo of our
used wetting balance tester (meniscograph).
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2. THEORY

The wetting balance test measures the wetting
force when the test specimen is immersed into the
Fig. 1. Set-up diagram of the wetting balance tester molten solder bath. This wetting force is measured as

(meniscograph) a function of time and it is automatically recorded.
Figure 3 shows a vertical schematic illustration of the
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Fig. 3. Schematic illustration of the force equilibrium
during wetting

force equilibrium during wetting of the sample.
A schematic wetting curve for a stick and non-stick
specimen is shown in figure 4.
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Fig. 4. Schematic wetting curve a) sample position
against the molten solder b) wetting curve for wetting
specimen c) wetting curve for non-wetting specimen

The specimen is immersed to a set depth and time

in a bath of molten solder with the controlled
temperature. The specimen is subjected to time-
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variant vertical forces, which consist of the surface
tension force and buoyance force. It is described in the
following equation [1]:

Fo.=F —F, =Pycos®-pgV 0
where:

Fyet - measured wetting force (N)

F, - surface tension force (N)

F, - buoyancy force (N)

y - surface tension (N.m™)

P - specimen perimeter (m)

® - contact angle of the y on the solid surface
g - gravitational acceleration (9.81 m.s?)

p - solder density (kg.m™)

V - immersed volume (m°)

The buoyancy force is given by the density of the
solder, gravitational acceleration and immersed
volume of the specimen. Therefore the buoyancy
force is considered as constant. The specimen
perimeter is also considered as constant. That’s why
the wetting force varies as a function of the surface
tension and contact angle [2].

3. MEASUREMENTS AND EXPERIMENTAL
RESULTS

The measurement was carried out on two types of
solders lead (Sn63PB37) and lead free
(Sn96,5Ag3,8Cu0,7) , two types of fluxes (94-RXZ-
M, 323-ITV) specification of fluxes is in table 1) and
as testing material we used one-side plating PCB
(FR4) with four types of surface finishes (passivated
copper, H.A.L, immersion tin, chemical gold plating).
Photo of used samples is in figure 5.

Tab. 1. Specification of used fluxes

Flux Flux description Flux
Designator
94-RXZ-M Semi-water flux for RELO
lead soldering
323-ITV Alcoholic flux for lead REL1
free soldering
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Fig. 5. Photo of the used samples (with different

surface finishes) after measurement. : % y i 14
As measuring equipment we used GEC 1w i;
Meniscograph — solderability tester Mk 6 18 —
Immersion speed was 10 mm/s. Immersion depth i i
‘i

of the sample was 5 mm. Time of immersion was 5 s.
Oxides were sponged away from the surface of the
molten solder before each measurement. The
measurements were repeated at least several times. All
solder alloys were measured in an ambient
atmosphere. Temperatures of molten solders were set
at 250 °C. Oxides were sponged away from the
surface of the molten solder before each
measurement. The measurements were repeated at
least several times.

We classified by marks each testing combination
(solder, flux and specimens material) according to the
shape of the wetting curve. Mark 1 means best
wettability from measured file of samples and worst
wettability is marked by 10. The results are sorted the
into the table 2

The following examples describe some of the
characteristics shapes of the measured wetting curves
marked by 1 and by 10. In figure 6 is an example of
wetting curve for immersion tin, Sn95,5Ag3,8Cu0,7
solder and flux 323-ITV. This combination was
marked by 1 - best wetting combination. In figure 7 is
an example of the wetting curve for passivated

copper, Sn63Pb37 solder and none flux. This
measured curve was marked by 10 — worst wetting
combination. In figure 6 and 7 we could see the little
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Fig. 6. Example of measured wetting curve for immersion
tin, Sn95,5Ag3,8Cu0,7 solder and flux 323-ITV.

F [m]

time [=]

Fig. 7. Example of measured wetting curve for pasivated
copper, Sn63Pb37 solder and none flux.

Tab.2. Wettability quantification from measured file based on shape of wetting curve.
(mark 1- best wettability, mark 10 worst wetability)

Testing material
solder Flux pasivated immersion chemical gold
copper + FR4 HAL.+FR4 tin + FR4 plating + FR4
without flux 10 10 10 9
Sn96Pb37 94-RXZ-M 4 7 9 5
323-ITV 2 4 9 3
without flux 10 10 10 9
Sn95,5Ag3,8Cu0,7 | 94-RXZ-M 3 5 6 7
323-ITV 1 5
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“waves” on the shape of the wetting curves. This
waves is given by the roughness of the own base
material FR4. The results of the worst and best
wettability of used solder fluxes and testing material
are obvious from table 2.

4. CONCLUSION

We have measured combination of the different
type of lead and lead-free solder and different types of
fluxes and testing materials. The results of
measurement we classified into the table according to
the shape of wetting curve. The results of the worst
and best wettability of used solder fluxes and testing
material are obvious from table 2.

978-1-4244-7850-7/2010/$26.00 ©2010 IEEE 116

5. ACKNOWLEDGMENT

This work was supported by grants: MSM
No0.6840770021 — Diagnostic of Materials and by the
Grant Agency of the Czech Technical University in
Prague, grant No. SGS10/062/OHK3/1T/13

REFERENCES

[1] Wassink, R.J.K.: Soldering in Elecgtronics. Second
Edition. Electrochemical Publications Ltd, Ayr
Scotland 1989. ISBN 090115024X.

[2] Dusek K., Urbanek, J. Mach P.: Study of Influence of
Working Conditions on Changes of the Surface
Tension of Solders, SIITME 2006, Iasi, Romania 2006
str.23-27 ISBN: 978-973-896-4

33" Int. Spring Seminar on Electronics Technology




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


