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THE METALLURGICAL APPROACH ON THE SOLDER VOIDS BEHAVIOUR
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Abstract : Solder voids are believed to cause poor heat dissiption in the Surface Mount
devices and reduce the reliability of the devices at higher operating services. There are a lot
of factors involved in creating voids such as gas/flux entrapment, wettability, outgasseous,
air bubbles in the solder paste, inconsistency of solder coverage and improper metal
scheme selection. This study was done to observe the behaviour of the solder voids in term
of flux entrapment and wettability. It is believed that flux entrapment and wettability are
caused by improper metal scheme selection. Therefore this experiment is performed to
verify this hypothesis. Two types of metal schemes were chosen which are Nickel (Ni)
plated and Tin (Sn) plated heatsink. X-ray techniques such as Radiographic Inspection
Analysis and EDAX were used to detect the minute solder voids. The solder voids
observed on the heatsinks and Copper shims after the reflow process are believed to be a
non contact voids that resulted from some portion of the surface not wetting properly.

I. Introduction

Through a rapid development in Surface Mount Technology (SMT), the solder joint
dimension in SMT shrinks as well. Since less solder is allowed for each solder joint, the
reliability of the joint become a concern. In the past [1], industry has concentrated on the
effort to develop a standard criterion for solder materials selection, solder joint
configurations, degree of flux corrosivity, pad/lead design, solderability of metallizations,
etc. However, in the case of solder voiding, the levels of understanding about its nature
still remains speculative and less work has been reported on this subject. Voiding
phenomenon has a close relationship with the solder joints. The presence of voids will
affect the mechanical and electrical properties of the joints [2] and deteriorate the strength,
ductility, creep, fatigue life [3], due to growth in voids which could coalesce to form
cracks and consequently lead to failure. The deterioration could also be due to the
enhanced magnitude of the stresses and strains of solder caused by voids [4]. In addition,
voids could also produce spot overheating [5] and lessen the reliability of joints. Basically,
it is believed [6] that, voiding could be attributed to; (1) solder shrinkage during
solidification, (2) laminate outgassing during soldering the plated through-holes, and (3)
entrapped flux. In the case of solder paste, although the possible cause for the voids is
believed to be entrapped flux, apparently the mechanisms for voiding are considerably
more complicated and there is much more to be learned. In this work, the metallurgical
approach is used to determine the effect of the two metal scheme under investigation
(Nickel and Tin) which are commonly used in SMT devices.

II. Experiment

a) Test Materials and Equipment:
Two types of heatsinks being used in this experiment are the Nickel (Ni) plated and

Tin (Sn) plated.

Solder Paste: The paste sample used in this study is RMA type of composition Sn/Pb/Ag :
62/36/2.
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Shim: Copper (Cu) shim plated with solder (Sn/Pb : 60/40).

Solder Dispensing Machine: Solder paste (in the syringe) with metal content of 85% has
been used. Dispensing technique has been used to place the solder on the heatsink.
Machine used is Asymtek Solder Dispense.

Solder Printing Machine: Solder paste with a metal content of 90% has to be printed on
the Copper Shim. Machine used for this purpose is DEK machine.

Reflow Machine: Reflow machine used in this experiment is the conduction furnace
(Falcon-8 Sikama Reflow Machine). Units havebeen put on the boats at the final assembly
stage. The boats together with the units are reflowed. This reflow machine has been
associated with a nitrogen gas.

Accel Cleaning Machine: After the reflow process, all the units had to be subjected to the
cleaning process to clean off the remaining flux residue on the PCB. The centrifugal
cleaning method has been used with cleaning chemical known as either Terpene or Ionox.

X-Ray Radiosraphic Inspection: Equipment used for this purpose is the Fein Focus
Machine.

SEM & EDAX: SEM equipment used is JEOL with magnification of lOO.OOOX whereas the
ED AX equipment used is KEVEX.

X - Sectioning Process: Samples were encapsulated in the epoxy resins and Buehler Cross-
Sectioning equipment was used to perform the x-sectioning process. One micron diamond
paste together with colloidal silica was used as a first and final stage of polishing process
respectively.

High Power Microscope: Mideo Expert System inline with the Interactive Multimedia was
used to capture the x-sectioning pictures which showed the location of solder voids at the
joints interface.

b) Experiment Procedures:
Hundred units of heatsinks were used which consist of fifty units of Ni-plated

heatsinks and fifty units of Sn-plated heatsinks. These samples of heatsinks had undergone
the solder dispensing process through the Asymtex machine. At the same time, hundred
units of copper-shim had undergone the solder printing process. These copper shims were
placed in its respective boats prior to the soldering reflow process. After the completion of
the shim placement process (in the boats), the Ni-plated and Sn-plated heatsinks were
place onto the copper shims. On top of these heatsinks, PCB of the FR-4 materials was
placed. These units were then reflowed in the Sikama Reflow Machine.

After the reflow process, all the units underwent a cleaning process in the Accel
cleaning machine. Once this process was completed, all the units were examined under x-
ray radiographic inspection analysis. Samples from each types of heatsinks were further
taken for voids analysis. A grid size of 20 x 10 mm was used to measure the voiding
percentages on each unit.

Meantime, a sample of Sn-plated heatsink tested by x-ray radiography was further
investigated through the x-sectioning process to detect the location of solder voids. SEM
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and EDAX were used to determine the microstructure and any foreign materials embedded
at the voids location of the Sn-plated heatsink respectively.

III. Results / Discussions

Figure 1 gives the graph of the mean and variances of voids calculated on Sn-plated
versus Ni-plated heatsinks. Figure 2 gives the summary of the one way ANOVA results.

Statistical methods used to compare the variability and the mean of the two populations
are known as the F-test and the t-test respectively. Based on the above results, F-test and t-
test indicated that the variances and mean of both samples are significantly different
@95% C.I. The voids level for both samples remains around 9.5% to 20.0%. Therefore
from this statistical comparison, it showed that voids level between the two samples (Ni-
plated heatsinks and Sn-plated heatsinks) are different. From Figure (4) and (5), we can
conclude that voids happened in both metal layer of heatsinks (Ni and Sn). Anyway, the
voids pattern seems to be worse in the metal layer of Nickel compared to Tin. This is well
explained in Figure (6) and (7). In Figure (6), we found that the Sn-plated heatsink exhibits
the high wetting area on its surface and this revealed that Sn has high affinity with the
PbSnAg solder.

Considering the condition that solder joints are commonly exposed to during service
life, several metallurgical phenomenon occurring in solder materials [7], are intimately
related to the integrity of solder joints like plastic deformation, strain hardening,
recrystallization, solid solution hardening, precipitation-hardening and superplasticity
(during reflow process). The general rule of thumb for formation of solid solution between
two elements of solder composition are; the two elements having the same crystal structure
tend to form a complete solid solution and the formation of solid solution is favoured when
the size difference between the two element is less that 15 percent. It been found that the
system of Ni and Sn having significant atomic size difference which are 0.1246 and 0.1509
A respectively while both of them also have different crystal structure.

Therefore it is believed that Sn which originated from heatsink tends to create a solid
solution with the solder and this is due to their commensurate crystal structure. The ability
to form solid-solution between Sn from the heatsink and Sn from the solder helps to
increase the wettability of the solder on the Sn-plated heatsink [Figure 6]. On the contrary,
we found that Ni-plated heatsink exhibits the high non-wetting area on its surface and this
revealed that Ni does not have high affinity with the PbSnAg solder [Figure 7]. In fact, the
system of Ni and Sn have different crystal structure and significant atomic size difference
and these offer a negligible solid solution at temperature below than 400 C. The reflow
temperature used is 230° C which is about 50°C higher than the liquidus temperature
(179°C). In fact, the rate of dissolution of Nickel in the PbSnAg solder is very slow. Nickel
acts as a barrier layer to prevent the dissolution of Cu (heatsink's core material)
metallization into the solder. During reflow process, the Ni-Sn intermetallic compounds
are formed and the formation of these intermetallics continues even when the solder has
solidified. Therefore it is believed that these intermetallics will retard the adhesion of the
solder to the metallic surface. As a result, the wettability factor will became poor. This
explains why we still can see the surface of the Ni-plated heatsink not being fully covered
by the solder. Anyway, if we refer to the Figure 7, we still can see the solder spread on the
heatsink's surface although it is not fully covered with it. This happenes because at the
bottom layer of the PCB which is attached to the solder, there is a layer of gold. The
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melting temperature of the solder used is 179°C and at temperature of 175°C, the gold
leaching phenomenon is believed to happen and this helps in spreading the solder on the
surface of the Ni and Sn-plated heatsink. Gold has the high rate of dissolution in the solder
during soldering process and gold is also prone to dissolution in the Tin (Sn). This explains
why the wettability of the Sn-plated heatsinks is much better compared to Ni-plated
heatsinks. As a matter of fact, we can conclude that the Sn-plated heatsink has a good
wettability characteristics compared to Ni-plated heatsink.

Based on these findings, we further evaluated the Sn-plated heatsink. The X-Sectioning
methodology was performed on the Sn-plated heatsink which revealed that the isolated
voids occurred at the solder joints interface [Figure 8]. The void is believed to be a non-
contact void and this type of void can result from many different factors such as surface
contamination, flux entrapment, etc. Therefore, this study indicates that there are other
factors than the metal scheme alone which create the voids. From the EDAX analysis, it
shows that the elements detected at the void area still remain the same as what been
observed on the region next to the voids area. This shows that although the metal scheme
of Sn-plated heatsink produced a significant improvement in term of wettability compared
to Ni-plated heatsink, we still can see voids which probably resulted from entrapped flux.

IV Conclusion

Sn-plated heatsink exhibits high wetting areas on its surface and this is due to the same
crystal structure that it has with Sn in the PbSnAg solder system. On the contrary, we
found that Ni-plated heatsink that undergoes the same process exhibits a high non-wetting
area on it surface and it is due to their different crystal structures.

Although, this metallurgical approach helps to prove that Sn plated heatsink has a better
wetting characteristics compared to the Ni plated and helps in improving the quality, but to
some extent it is also clear that this will not help to eliminate the void issue. There are
other factors contributing to the void formation. It is highly recommended that to resolve
this chronic void formation issue, a more robust package (heatsink management) or higher
adhesive materials should be evaluated.

The internal controls that we can have on our process and also on the paste
manufacturer are; (1) Improving component/substrate solderability, (2) Using fluxes with
higher flux activity, (3) Reducing solder powder oxide, (4) Using inert heating
atmosphere and (5) Reducing the preheat stage to promote fluxing before reflow.
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Figure 1: The Mean and Variances of Voids Calculated on Sn-plated vs Ni-plated
Heatsink
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Oneway Anova
Summary of Fit

Source
Model
Error
C Total

RSquare 0.904798
RSquare Adj 0.903827
Root Mean Square Error 1.166497
Mean of Response 14.73
Observations (or Sum Wgts) 100

t-Test
t-Test DF Prob>ltl

30.5187348 98 0.0000

Assuming equal variances

Analysis of Variance
DF Sum of Squares Mean Square

1 1267.3600 1267.36
98 133.3500 1.36
99 1400.7100

Means for Oneway Anova
Level Number Mean Std Error
NI 50 18.2900 0.16497
SN 50 11.1700 0.16497

F Ratio
931.3932

Prob>F
0.0000

Level
NI
SN

Std Error uses a pooled estimate of error variance

Mean and Std Deviations
Number Mean Std Dev

50 18.2900 1.30576
50 11.1700 1.00818

Level
NI
SN

Tests that the Variances are Equal
Count Std Dev MeanAbsDif to Mean

50 1.305756 1.098400
50 1.008181 0.863600

Std Err Mean
0.18466
0.14258

MeanAbsDif to Median
1.090000
0.850000

Test
O'Brien[.5]
Brown-Forsythe
Levene
Bartlett

F Ratio
5.7691
3.4029
3.7797
3.2091

DF Num DF Den
1 98
1 98
1 98

Prob>F
0.0182
0.0681
0.0547
0.0732

Welch Anova testing Means Equal, allowing Std's Not Equal
F Ratio DFNum DFDen Prob>F

931.3932 1 92.104 0.0000
t-Test

30.5187

Summary :
RSquare Adjust: 0.903827 (90%)
Means : Ni-plated heatsink = 18.29 ± 0.164

Sn-plated heatsink = 11.17 ± 0.164
t-Test: (Null Hypothesis) Ho : Ni = Sn

Hi • Ni Sn

p-value = 0,

Conclusion : Reject the Null hypothesis and accept the alternative that voids percentages of Ni is not same as

in Sn.
F-Test: From the ANOVA result, it showed that the value of Prob>F = 0.0000. Therefore the variability of
both populations are significantly different.

Figure 2 : The One way ANOVA Results and Summary
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Figure 3 : Schematic Diagram showed the built of the typical Surface Mount Device

Figures 4: Micrograph of Sn-plated heatsink after soldering reflow

Figure 5: Micrograph on Ni-plated heatsink after soldering reflow
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Figure 6: Photo showed the wettability
of the Sn-plated Heatsink

r
Figure 7: Photo showed the wettability of Ni-plated

heatsink

Figures 8 : X-Sectioning of the Sn-plated Heatsink

Voids Observed to
be Wetted with
Solder, OB Both
Sides of the
Copper Layers

Magnification: SOGX, Tilt: 0 degree

Figure 9: SEM Micrograph of Sn-plated heatsink
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