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ABSTRACT:

During the last 5 years, the processes to remawe ritsidues especially for lead-free and challegygieometries have
demonstrated new cleaning obstacles which haveetovercomé.A new methodology has been recently developed to
further increase the propensity for successfulriteg’ At the core of this method is the thermal ideaéifion of the residue
matrix. Thermal energy changes the physical sta&tetransitions between liquid, solid and gas pkaBy taking advantage
of such specific information during phase transisiothe cleaning process can be tailored to suttimg® which in turn
increases the cleaning success significantly.

Thermodynamic data from differential scanning dabetry (DSCJ' will be presented in conjunction with experimerdata
obtained from subsequent cleaning trials in spragi batch cleaning systems. Flux systems thaéwarestigated during
this initial study including rosin-based and No-&iefluxes. A correlation between phase transitengeratures of reflowed
flux residues and optimized cleaning parametergé&ah flux will be presented.

This approach is revolutionary in that it offersmquetely new, previously untapped avenues to ctdelienging electronic
assemblies. It also offers insight to previously peocess limitations on process temperatures thight have to be
reconsidered.

INTRODUCTION:
The Thermodynamic Nature of Flux

Experience indicates that softer residues are e@sEean than hard residues. What makes a redided is inherent in its
make-up and history. The thermal history of a fresidue is important. The number of solder reflowles, the peak
temperature, time after reflow and duration of treating and cooling cycle will influence the harsmeand thus, the
cleanability of the residue.

One other important factor is the chemical makestithe flux residue. Heating the flux drives oatvents and plasticizers
that needed to make the flux/solder paste printabvledispensable in the assembly process. The rgeatiocess
metamorphosizes the flux from a liquid or gel teadid plastic like residue. Organic moleculesha solid form can either
arrange in a crystalline structure or fold and wirapn amorphous crystalline matrix (Figure 1a &by

Amorphous and crystalline polymers act differentfigen softening. Crystalline structures are arrdnigenearly perfect
lattices and therefore when heat is sufficienelease one molecule from the lattice, they alldpHrt.



Semi-Crystalline

Figure 1b: Examples for amorphous crystalline structures

We refer to this as melting, and the temperaturevidth this happens is called tmeelting point (T,). Amorphous
crystalline residues have a glass transition teatpeg (T) not a melting point (Figure 2). Above thg fhe molecules can
slip pass one another giving a lower modulus. Mastt soldering residues are amorphous, althougte s mixtures of
both. Amorphous flux solids will therefore softand continue to soften above its’ glass transit@mperature.
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Figure 2: Phase transitions ang T

Another factor that can influence the softeninghaf residue for cleaning would be the plasticizersaining in the residue
after reflow. Plasticizers are smaller organic ewales that act as lubricants between the larghmmaos in the matrix.
They effectively lower the Jof the residue. This explains the observation sbane flux residues become harder to clean if
they set for more than a couple hours as the piasis evaporate over time. Cleaning solvent nmudésccan act as
plasticizers if they can penetrate the solid residlihe function of the pre-wash in modern inlifeagers is to allow time for
the solvent molecules to diffuse into the flux ma#nd lower the Tallowing the wash to act upon a softer residue.



Research Methodology

To cover a range of fluxes, seven common leade@Mn8/ solder pastes and seven lead-free soldespaste selected for
this study. The pastes were screened onto thestéstrate; components applied, and reflowed agpidelines supplied
from solder paste suppliers.

The test vehicle used is a standard 2.5” X 3.5".320circuit card with solder mask. Each samples\ywapulated with ten,
0603 capacitors as shown in Figure 3 below.

Figure 3: Test vehicle sequentially populated 0603 capacitors

The smaller resistors and capacitors used on md&lelh electrical designs are very prone to compjetiding the 1-3 mil
gap between the component and the substrate. cindth the test samples created for this test sldowisual evidence of
nearly 100% filling of the gaps. Even the No-Cldaxes show signs of complete filling. All Padsem printed and
reflowed, but only 10 sites were populated with 60

Following, reflow samples of the flux residue weoeaped from the un-populated pads and sent for &Bg/sis.

All cleaning trials were performed in an Austin Anean Technology high temperature, “dishwasherestplatch cleaner.
Cleaning temperatures were then selected to bratkes transitions and melting temperatures inditaty DSC. Following
cleaning, each component was removed by sheeringpat temperature for microscopic visual analys$igdGX (Figure 4a
and 4b). Visual examination was complemented bigaaV flux test experiment to fully confirm the pesce and/or absence
of any remaining residue.

Figure 4aPass - No flux residue remains under component Figure 4b: Fail — Any Flux residue detected at 40X

All of the components were removed for visual assly Any residue detected under any of the 10 corapts on the board
constituted failure of the entire board.

DSC Results

The authors chose to employ Differential Scanniadp@metry (DSC) method to best characterize phemsgsitions within
the flux residue matrix (Figure 5).
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Figure 5: Example of a DSC plot

DSC subjects the specimen to a precisely contraéetperature environment while continuously momitprthe heat input
and output. Exothermic and endothermic reactioitisinvthe specimen cause changes in the heat anpdibutput. For this
reason, DSC can be used to assess the thermditytaba material. The specimen and a thermallrimeference material
are placed in a Differential Scanning Calorimeexposed to an inert gas atmosphere, such as nitre@gel curves of
Temperature vs. Heat Flow are generated. Whencéigaabccurs within the specimen that involves angfe in enthalpy, the
curve will deviate from its baseline. Such reatsionclude melting, glass transition, decompositiett. Melting is an
endothermic reaction that produces a upward pedkenTemperature vs. Heat Flow curve. For this atigr peaks, the
extrapolated onset temperatures, the point whesgepttak begins and peak temperature are generglbyrteel. Glass
transition is an endothermic process that prodacascrease in the slope of the Temperature vst Flea curve. The glass
transition temperature is the temperature choserepoesent the range over which the glass transitiocurs. This
temperature (J) can either be the point that corresponds to tlagimum value of the slope during this change or the
approximate midpoint of the temperature range aviich the glass transition occurs. Crystallizatienan exothermic
reaction that produces a downward peak on the curve

A Perkin Elmer (model DSC-7) DS@as used to determine thgsfand the melting point of constituents in thexéa tested.
Some fluxes showed no thermal events which indic#te absence of melting or glass transition pdmthe temperature
range tested (131°F/55°C - 554°F/290°C). Othersnsld thermal events indicating softening of thddws. The most
likely explanation of “no event” fluxes is that thevere formulated with resins having'J lower than room temperature. In
other words, they were soft at room temperaturestiicdcan get softer with higher temperatures.
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Figure 6: DSC graph of flux residue showing typical thermaoayric responses

Figure 6 shows an example of a typical the DSC sfanflux sample indication both a glass transitémd a melting event.
The glass transition occurs around 63°C and iscatdd by a shift in the slope of the curve. Thene two endothermic
events; one occurring around 93°C and a more cowrgaieo/exothermic event occurring from 122°C 8°C. For the
purposes of this study we ignored events abover@ximum cleaning temperature of 93°C. The y akihe DSC scan is
differential heat flow between the empty controhgand the sample pan. The flux sample size vdireed 7 mg to 30 mg.

A summary of the thermal events detected by the B&@s for all fluxes tested in this study is shawmhable 1.



Table 1: Thermal events indicated by DSC

: . . . Thermal
Flux (Alloy) Tgin°C ,\I/El‘\a/glr?t% 'ijnolg Boﬂ:gg{)gomt Evepts gcmica.
in °

1.Alpha RMA 390 DHA 141, 163, 192 154
2.Indium RMA-SMQ 51 AC 64 93, 130, 242 64, 93
3.Indium NC-SMQ 92 J 214 92,191, 210 88 88, 92
4.Kester EP 256 155
5.Kester EP 256 HA 111 173 61 61
6.Kester FL 250 D 133, 178, 205
7.Multicore MP 218 121
8.Alpha OM-338 T 63 171 63
9.Indium 5.1 198, 230
10. Indium 8.9 67-75, 183
11. Kester EM 828 92, 135
12. Kester EM 907 67, 87
13. Kester R 520 A 113
14. Multicore LF 318 120 123

Cleaning Confirmation Trials

Having established the initial thermodynamic evemdsed on DSC analysis, the authors set out tdatalithe findings,
meaning establishing a relationship between thentakdata and a potentially improved cleaning penfince. Table 2
outlines the experimental setup chosen duringdtuidy. Based on the results of the DSC thermattesteidy, the following
cleaning temperatures and processes were tested.

Table 2: Overall Cleaning Process Parameters

Chemistry ‘ ATRON AC®205 ’ Concentration ’ 10%
‘Wash Temperature 52°C, 66°C, 80°C, 93°C ’ Exposure Time ’ 15 min at set temp.
Pre-Rinse I up to 1IMQ I Final Rinse I 1 min at 57°C
Distance
Dryi 30min at 68°C 5.9
rying ‘ oin ‘ Nozzle-Board ‘
Nozzle l Coherent I Spray angle I 45°

The testing was performed in a stainless steeqysior air, batch cleaner utilizing high impact codre fluid delivery jets.
The cleaning solution was premixed and preheatedh¢otest wash temperature to keep cleaning tinoesstant as
temperature varied. The test boards were rackétkigleaner at a 45° angle with the parts facmg @leaning time was set
at 15 minutes for all tests. All test results wevaluated through a 4 eye principle. A “passingidgr was given only to areas
on which all flux residues were fully removed (Riglr).



Leaded Fluxes, Cleaning agent — ATRON AC® 205, 10%
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Lead-Free Fluxes, Cleaning agent — ATRON AC® 205, 10%
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Figure 7: Cleaning results at various operating temperatures

Initial observations showed that there is indeg¢dralency for improved cleaning with an increasel@aning temperature.
Especially noteworthy is the fact that at 2B8@3°C all cleaning results were found to be positive 1A5°F/80°C still 78%

of the results showed that all flux had been rerdofvem underneath the components. Most spray-irygie equipment
have a temperature limitation to not exceed°E601°C. Therefore these findings might allow to furthdden the process
window, given that higher cleaning temperaturestmamnealized in future cleaning equipment. At F586°C most cleaning
results showed partially removed flux residueshendubstrates. Similar results were found af EZ°C.

Four of the fourteen fluxes tested show directaation to thermal events measured in the Caloryrtests. Fluxes # 4, 7,
12 and 14 showed a transition from unacceptablanadg results to acceptable results when cleanexealevent
temperatures. Interestingly, the authors observatd3 of the samples got cleaned at all tempemtested. Two of the three
fluxes passing at all temperatures have thermodimanwents around 150°F/88. The other did not show any thermal
events. It is hypothesized by the authors thaddtbat are cleaned at all temperatures hgdldss than the 50°C starting
temperature used in this study. Flux #4 also destnated an endothermic temperature event (i.e.imgglat 67-75F/19-
24°C that matched quite well with the improved clegnerformance at temperatures above°EfBE’C. However the
authors also found that not in every case a divenklation was possible, and in a number of exam@mperature events
from DSC spectra were well above 2BM®3C. Furthermore, the authors believe that for mases the amorphous crystal
structure has a glass transition temperature watvb the observed DSC temperature ranges. For dgamipen a glass
transition temperature ofG, positive cleaning results should be observeallatleaning temperatures tested. For fluxes 1,
11 and 13 the authors found that to be the cadddBaand 4).



Table 3: Cleaning results showing Thermo events

200°F | 475°F | 1swF | qosep | ThermoEvents

3. Indium NC-SMQ 92 J + + - + none
4. Kester EF 256™ + + - - 153-167
5. Kester EF 256 HA™ + + - - none
6. Kester FL 250 D* + + + - none
7. Multicore MP 218** + - - + 147, 199
9. Indium 5.17 + + + - none
10, Indium 8.8* + + - - none
11 Kester EM 828* + + + + none
12, Kester EM 907*" + + + - 145
13, Kester R 520 A* + + + + 145
14, Muiticore LF 3187 + - - - 184, 201

* possible corretatito Ty less than 125°F (below range measured in thisrempst)
** Direct correlatido thermal events measured



Table 4: Experimental results for Flux # 4

Fix process settings: ATRON AC 205 at 10% with overall wash time of 1min.
. o Nozzle Flux | Cleaning .
Cleaning Temperature [°F] Configuration # Result Picture

125 Coherent 4 -

150 Coherent 4 -

175
Coherent 4 +

200 Coherent 4 +

FUTURE EXPERIMENTS:

The initial purpose of this study was defined by fossibility of customizing cleaning processes meonore precisely as it
was previously thought possible. The authors wete # establish that thermal fingerprint analysia viable tool that sets
the stage to help customers define needed proogs®vements. A number of further experiments flex sample set,
component size and geometry, temperature increnespscially below 140°F/8C, just to name a few) are already in
progress to elaborate and more closely definefathe possibilities and limitations with this neechnique. Furthermore,
other analytical methods such as Thermo Gravimeinalysis (TGA) are investigated as they may commaet the
described DSC procedure. Lastly, the authorsraezdsted in comparing the results obtained inbtiteh type equipment
with conveyorized cleaning equipment to better limsd¢he observed results.



CONCLUSION:

The wash cleaning temperature generally improvesrémoval of flux residues from under tightly spha@®mponents.
There appears to be a considerable improvemetheirtieaning efficacy at the higher temperatureker@ appears to be a
step function increase in the rate betweerEEBB°C and 178F/80°C respectively for most of the fluxes tested irs thtudy.

There did not seem to be a big significant diffeeim general in cleaning lead-free vs. leadedis Was an unexpected
outcome as it is generally expected that the higefdww temperatures would make the lead-free fesidue harder to clean.

The DSC scans did identify several thermodynamiene occurring at temperatures of cleaning perfooaashift. Both
glass transition and melting points were obsenvetthese process shift temperatures. It is belighat the three samples
cleaned 100% at all temperatures had melting asgiansition events below 122°F/60 For future studies, the authors
would recommend performing DSC analysis at a loteenperature range of 32°P@ — 482F/250°C to identify these
events.

In summary, this study highlighted a new methodrnalyze the impact of an individual fluxes usedlua cleaning process
parameters. The results obtained truly open newomppities for current and potential users to irigege customized
cleaning process optimizations. The authors praliedidence that thermal fingerprint analysis isable tool to correlate
physical flux characteristics to the ease of itaaeal. The expectation is that this methodology lay the groundwork for a
new, individualized cleaning qualification approabhat will provide a more stable cleaning processurrent and potential
customers.
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