Wetting of different lead free solder alloys during vapour phase soldering
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Abstract: In this paper the wetting properties of lead free solder alloys were investigated on
different printed circuit boards (PCB) during Vapour Phase Soldering (VPS), which is an
alternative reflow method with non-conventional heat-transfer mechanism. Our motivation
was to investigate the phenomenon on PCBs with different thermal capacities, with different
heating power and with different solder alloys. The aim of the research is to clear the relations
between the thermal capacities of the) PCBs and the spreading of the solder on it, and to
investigate the effect of the change of heating power on the solder spreading during VPS. In
addition, the impact of the VPS on different solder alloys and the performance of the VPS
machine in the wake of the contact angle quality was investigated. Findings show that the
thickness of the PCB is not affecting significantly the spread and the wetting. The composition
of the alloy, the paste, and the heating power points to observable differences in the final

results.

1. INTRODUCTION

The vapour phase soldering (VPS) is a method of reflow soldering, using a system which applies hot
vapour on the print circuit board (PCB), where the solder paste [1] and the components are already
positioned. The vapour is used to heat the paste and the whole assembly [1,2,3], also the vapour
medium itself is created by boiling the Galden fluid [4]. The VPS technology is recommended for
many different electronics assembly applications because it provides unique advantages such good
quality joints between the electronic components and the board, regular and fast heating of the
components [1], minimalizing the voids inside the solder [5,6,], and safety from the aspect of inert heat
transfer material [7]. The working method of the VPS starts with applying heating power on the bottom

of the oven where the Galden is reserved. At the temperature of boiling, the liquid will change its phase



to hot vapour, and it is distributed inside the oven. In this paper, we investigate the efficiency of the
reflow process of the VPS by applying the wetting test on solder alloy samples in a heat-level (HL)
type VPS oven. In a HL-VPS oven the vapour is generated onto the surface of the board from the
bottom (and not the PCB is immersed into the vapour). The experimental study of the spreading and
contact angle, helps to improve the knowledge on the field [8,9,10,11].

Wettability investigations generally cover the contact angle measurements, when the solder paste
interact with the PCB contact surface. Such wettability studies usually involve the measurement of
contact angles as the primary data, which indicates the degree of wetting when a solid and liquid
interact. Low contact angles (<<90°) point to high wettability, whilet large contact angles (>>90°) point
to low wettability [12]. Angles can be reduced below 20° using the nitrogen in conventional
convection-based reflow processes. [13] This paper focuses more on the impact of the condensation
type heating on the spreading of solder in the following cases:

* The thickness of the PCB (thermal capacitance) is varied;

* The heating power of the machine is varied (variation of the temperature change speed and the
vapour distribution), allowing different solder profiles [14];

» Different types of solder material are used;

* The quantity of the paste is increased.

2. EXPERIMENTAL

The reflow soldering had been performed with a a commertially avaible Asscon Quicky 450 vapour
phase soldering system with Galden LS230 at Budapest University of Economics and Technology,
Department of Electronics Technology [15]. Glass fibre reinforced FR4 epoxy resin boards were used
with a copper foil on one side. The thickness of the boards ranged along the following values: 0.25, 0.5,
1, 1.5 and 2 mm (see Fig 1.).

Fig. 1. Different PCB samples from 0.25 to 2 mm thickness



For the investigations, the following solder paste materials were used: INNOLOT, SACX Plus 0307,
SACX Plus 0807, SACX 0807 and SAC305 (see Tab 1). The data was gathered from [16] and relevant

paste datasheets.

Tab. 1. Recommended solder settings

Pasty
Paste type Alloy type Range,
°C
206-
INNOLOT | SnAg3.8Cu0.7Bi3Sb1.4Ni0.15 51
SACX 217-
SnAg0.3Cu0.7Bi0.1Ni0.05
Plus 0307 227
SACX 217-
SnAg0.8Cu0.7Bi0.1Ni0.05
Plus 0807 225
SACX 217-
SnAg0.8Cu0.7Bi0.1
0807 225
SAC305 217-
Sn96.5Ag3.0Cu0.5
(M705) 220

2.1. Measurement of the solder spreading on the surface of the board

The copper-clad FR4 boards were prepared according to the following method. To avoid the
oxidation of the upper copper layer of the PCB, we followed the cleaning steps:

* Wet polishing;

* Final finish acid cleaning (MacDermid, 75039);
* Bleaching;

* Drying;

* Vacuum packaging prior to testing.

Two different stencil aperture setups were used to print the solder paste on the board, a set of four
2.3 mm round apertures was used as a general solution, the thickness of the stencil was 0.23 mm. Later
0.17 mm thickness was also introduced to reduce the amount of solder paste. In each experiment three
PCBs were used with the aforementioned four paste deposits distributed on each PCB: for every

experiment, we received data of 12 samples (see Fig 2.). It is important to mention that the time of the



PCB preparation should be short to avert the changing of the results characteristics due to the oxidation

of the copper.

Fig. 2. PCB sample before the soldering

The PCBs must installed in the VPS oven in a way that the same temperature and same density of
vapour is present, to ensure consistency on all the samples. All the samples were soldered with the
same settings. The heating power was set to 60%, vapour temperature for process break was set to
180 °C and the heat delay to 10 s.

The measurement device used for the investigation of the samples is an OLYMPUS SZX9
stereomicroscope with a trinocular observation tube (SZX-TR30) for taking photomicrographs. A
CanonEOS 1100D (12.2 Mpixels) was positioned directly over the system mount of the straight
phototube.

The software application used to measure the surface spread of the solder and its perimeter was
SketchAndCalc (see Fig 3.); which is an irregular area calculator where it is possible to measure any

shape with setting its scale without coding proprietary geometry calculators [17].

Fig. 2. SketchAndCalc software for area measurement



In the first experiment, the spreading test was applied on different PCB specimens (Fig 1.) with
different thicknesses and same solder material (SAC305).

The heating power then was varied between 40-60-80-100%. The PCB thickness used in this
experiment is 1.5 mm, due to its standard value in the industry; the used solder is SAC305.

Then the material (alloy) sweep followed this part of the experimental according to Table 1.

The thickness variation of the stencil (volume change of printed solder) concluded this part of the

experimental on two different PCB thickness.

2.2. Cross section investigation to investigate the contact angle between the solder and the PCB

The cross-section preparation is a delicate process and before performing sample cutting, there is a
need to clean the samples. After soldering, the flux residue will cover some part of the sample. To
remove it totally, the PCB was placed into the cleaning solution Shesto UTFLUO1 [18] then it was
followed by a cleaning with the isopropanol 2-propanol (CH3CH(OH)CH3) [19] for 1 min.

The next step is to embed the samples into two component acrylic resin and apply 2 Bar of pressure
for 25 minutes.

The samples had been cross-sectioned along five five cross-sectioning planes (see Fig. 4.); in each
cross-sectioning plane we are able to measure the contact angle between the surface of the PCB and the
solder material with microscope.

For the measurement of the contact angle an OLYMPUS BXS51 materialographic upright
microscope was applied. The camera system used is microscope digital camera OLYMPUS DP72,
which is mounted on a camera adapter. Figure 4. shows the proposed cross-section cuts for evaluating

the results.

Fig. 4. Cross section cuts on the sample



3. RESULTS

The experiment results are presented in the following subsections.

3.1 Result of spreading tests as a function of the thermal capacitance

The measurements have a similar average area spreading for all the PCB specimens. The minor
deviation of measured values are shown in Fig. 5. It is clearly observable, that the final results are

varying around 19 mm?2; the averaged result for all the PCB specimens is ~19 mm? + 0.5mm?.
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Fig. 5. The effect of the PCB thickness on the spreading of the solder

The measurements in Fig 5. show that the test is not affected by the thickness of the PCB specimen—
with the variation (increase) of the thickness, and the increase of the thermal masses of the boards,
there is no observable difference on the wetting. This proves that the VPS oven is able to perform
similarly with the increased thermal capacity of the substrates.

The deviation shown in Fig 5 may come from the fact that the surface of the copper clad laminate
might show differences in roughness (as Figure 6 shows, the thickness variation of the copper clad
might affect surface relations). Another possibility might be that the assemblies (board+paste) spent
considerable time in ambient laboratory environment while waiting for the next VPS cycle, despite the
fact, that the preparations were performed carefully, so that the samples do not spend more time

waiting for the oven cycle than 30 minutes — this might also affect the wetting.



Fig. 6. The difference of the copper clad thickness

3.2 Result of spreading with varied heating power

The heating power does not have a significant role in the dynamics of the spreading (see Fig 7.).
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Fig. 7. The effect of the heating power on the spreading of the solder

We can observe that there is no significant change in the spreading of the solder whenever the
heating power is changed, but overall a slight increase is observable with the increase of power.
According to the results, we can say that the heat transfer does not have a significant impact on the
spreading of the solder in our case during HL-VPS. The results are in good correlation with the

previous results shown in Fig. 5.

3.3 Result of spreading with different solder materials and paste quantity
A significant characteristic is observable in Fig. 8, which shows that the solder spread on the surface

of the PCB could change significantly depending on the solder material (see Fig 10.).
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Fig. 3. The effect of the material solder on the spreading of the solder

Here the different material composition of each solder is responsible for different spreading; the
applied materials have also different melting points. Whenever the window of the solidus-liquidus is
wider, the spreading surface increases. (This might be also explained by the variation of the heating
factor of the reflowing profile. [14]). According to the previous researches, the flux may also facilitate
rapid spreading [20]; in this experiment all the pastes were using the same general flux type (ROLO),
however the proprietary composition (not necessary the activation parameter [21]) of different paste
manufacturer products might alter the results. It is supposed, that the same flux is used in SACX and
Innolot pastes (due to them being part of the same product family), so the cause of the difference
enabled by the flux material can be ruled out overall, by the results shown in Fig 8.

The quantity of the solder paste has an effect on the spreading too (see Fig 9.). However the

thickness change again does not seem to affect the spreading of the printed solder. The spreading

surface is similar for both PCB thicknesses.
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Fig. 9. The effect of the quantity of the solder on the spreading of the solder
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3.4 Result of the VPS on the contact angle
The result of the contact angle for five cross-section did not pass 7° (see Tab 2, Fig 10.). Knowing

that small contact angles (<<90°) correspond to efficient wettability.

Tab. 2. The result of the sample cross section

Contact
Cross section
Angle
CS1 4.05°
CS2 5.64°
CS3 (middle) 6.94°
CS4 6.05°
CS5 3.95°

We conclude that the HL-VPS provides excellent wetting, compared to previous lead-free wetting
experiments [13] without the observation of significant Sn haloing [23]. This result will be investigated

further in future experiments with extended experiments.
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Fig. 4. The movement of the contact angle in different level of cross-section

With the variation of the cross-sectioning planes, the highest angle is observable in the middle of the
cut. This value can be considered as the only relevant result for the experiment. Also Figure 10. not
only describes the importance of choosing a proper cross-section cut line for investigation, but with the

complete cut line sweep, and the resulting characteristic, it was reaffirmed that the solder blob formed a



symmetrical circular shape. However it is also interesting to note that only ~2° absolute error was

obtained by measuring the contact angle far from the middle point.

4. CONCLUSION

The quality and the efficiency of the soldering method or even the solder material can be tested with
the wetting test. In this paper we investigated the effect of the VPS (HL-method) on the solder
spreading and its contact angle.

To sum up, the experiments provided us with the following results:

The thickness of the FR4 based PCB does not have any considerable effect on the solder spreading.

The heating power does not have significant effect on the solder spreading, but minor increase was
observed according to the increase of power.

The material of the solder can provide different spreading results (knowing that the volume of the
solder and the heating process is the same).

The spreading of the solder depends substantially on the alloy and the melting point (liquidus-
solidus window) of the solder material.

The HL-VPS can provide optimal contact angle between the PCB surface and the solder.

The cross-sectioning analysis shows regular shapes and excellent contact angles for the samples.

The investigation will continue in the future works, where the contact angles of different alloys, the
effect of flux, the effect of different substrates with the impact of bigger thermal capacities will be

evaluated on the solder.
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