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ABSTRACT
The propensity of tin platings to whisker has been investigated using nano-indenting.
Typical platings and components were conditioned using damp heat or thermal cycling
and subsequently inspected for whiskering and measured for hardness as an indicator of
internal stress using a nano-indenter. Conditioning samples using damp heat or thermal
cycling resulted in a high percentage of components exhibiting a variety of whisker
types and densities. Using damp heat conditioning of components with Sn platings on
Cu, over 60% of samples exhibited whiskering. The whiskers generated were usually
straight, thin, and of high aspect ratio. Samples with Sn platings on Ni barrier layers
were less affected by thermal cycling. The whiskers generated were usually shorter and
thicker in style. Whiskers up to 30 μm were generated with whisker thicknesses
generally in the region of 5 μm in diameter.
The coatings tested were supplied on a variety of substrates with a range of surface
shape and roughness, making trends in the nano-indenting results of some samples
difficult to observe and resulting in a large spread in indentation response. In other
cases, where the measurement spread was low, the differences between specimens of
the same type and age was larger than the differences between the types or between the
ages. The effect of the severe surface roughness is to increase dispersion of the results
and is very unlikely to have caused the systematic shifts observed. Variations in local
coating thickness would cause shifts in hardness and were investigated by direct
thickness measurement of the indented samples. Thickness was shown to vary
significantly but, although a contributing factor, it was not the main source of the
indentation response variations.
Evidence for ageing effects other than the growth of an intermetallic layer was provided
by the difference in response of some coatings. Here there was a dramatic increase in
the creep behaviour of the coating with age. This indicates that the dominant effect in
this system is the rapid annealing of the coating by the ageing process.
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1

INTRODUCTION

European RoHS legislation means that lead-free solders are now the dominant
interconnection medium for mainstream electronics manufacture. The preferred solution for
lead-free component termination finishes is the use of pure tin. However while pure tin is
finding wider acceptance, there remains significant scepticism over full implementation due
to the issue of whiskers (currently, tin finished components are banned on all space and a
number of avionic systems). It has been found that, in some cases, pure tin can be prone to
produce spontaneous extrusions from the surface with a very high aspect ratio. They can
reach lengths of up to several mm, even though their widths are usually not more than a few
micrometres. Advances in plating chemistries have significantly reduced the propensity of tin
coatings to whisker, but whiskering still remains an issue.
Although a widely known phenomena, whiskering is not that common and requires specific
incubation conditions to occur. It has been established that microstructure and plating purity
are key. Recently new chemistries have been developed that greatly reduce whisker
propensity. However, to eradicate whiskering, a measurement tool is required that can predict
the latent propensity to whisker, and hence provide a quantitative tool to provide feedback.
Current standards being written require 6000 hours of exposure and then optical inspection.
Mechanisms of whisker growth have been proposed, and critical to these is the development
of internal stress within the coatings. It has been established in a number of systems that
residual stress in coatings influences the modulus of the coating. A previous project
(Reference 1) has shown that, under limited conditions, X-ray diffractometry (XRD) can
yield useful data, but limitations mean that it cannot be applied universally as a measurement
technique. Here nanoindentation has been investigated to measure internal stress at different
depths, with the intention of providing a whisker propensity prediction.
It has been previously observed that whiskers often form preferentially at sites where stresses
might be higher due to substrate bending or other macroscopic manufacturing processes. It
has also been noted that whiskering could often be accelerated by exposure to raised
temperatures. A mechanism proposed to explain this is that higher temperatures increase the
inter-diffusion rates of substrate and tin coating, which accelerates the development of an
intermetallic layer at the original substrate/tin coating interface. The growth of an
intermetallic layer is often coincident with increased whiskering, possibly due to the
generation of local stress gradients.
Nano-indentation into coatings is increasingly affected by the substrate under the coating as
the indentation depth is increased. The growth of an intermetallic layer effectively changes
the depth at which there is a change of properties. This project was therefore conceived to see
if it might be possible to detect the growth of an interfacial intermetallic layer by using
nanoindentation. If this intermetallic layer also presents a reliable indicator of whiskering
propensity, then nanoindentation may provide a quantitative indication of the propensity
towards whiskering. This project took a range of coated lead-frames and commercial
components and evaluated the effectiveness of applying nano-indentation to evaluate the
general applicability of this method for determining whiskering propensity.
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2
2.1

METHODOLOGY
SAMPLE DETAILS

Twelve different samples of six different formats of samples, all with Sn platings, were
utilised as detailed in Table 1. These included stamped Olin 194 lead-frames, copper strip,
surface mount tantalum and multilayer ceramic capacitors, MELF components and throughhole components.
Table 1: Sample details

Sample No.
RH1A
RH1B
SCHC
SCHD
PHLA
PHLB
MBDB
GOOA
MBDA
EST1
ROL1
ROL2

2.2

Type
Leadframe
Leadframe
Leadframe
Leadframe
Copper strip
Copper strip
SM tantalum capacitor
SM tantalum capacitor
SM multilayer capacitor
MELF
Leaded axial resistor
Leaded radial capacitor

Plating
Bright Sn on Cu
Matt Sn on Cu
Matt Sn on Cu
Bright Sn on Cu
Matt Sn on Cu
Matt Sn on Cu
Sn over Ni barrier over alloy 42 base
Sn over Ni barrier over alloy 42 base
Sn over Ni barrier over silver filled fired ink
Sn plated on nickel barrier on steel caps
Sn on Cu
Sn on Cu

SAMPLE AGEING

Samples were aged as detailed in Table 2. Platings on copper were aged using damp heat.
Platings on nickel were aged using thermal cycling. At intervals, samples were removed for
examination using nano-indenting and scanning electron microscopy as detailed below. Two
samples were checked for each condition and are referred to subsequently as A and B. It
should be noted that the experimental design assumed that there would be a low sample-tosample variability and so each sample at each age is a different sample; no samples being
repeat tested at progressively increasing age. A naming convention was used to identify the
age and type of sample. This consisted of the sample ID followed by a number indicating age
(1 to 3) followed by a letter to indicate which of the two samples (A or B).
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Table 2: Ageing conditions

2.3

Sample No.

Ageing

RH1A
RH1B
SCHC
SCHD
PHLA
PHLB
MBDB
GOOA
MBDA
EST1
ROL1
ROL2

55 oC/85%RH
55 oC/85%RH
55 oC/85%RH
55 oC/85%RH
55 oC/85%RH
55 oC/85%RH
-55 oC /125 oC
-55 oC /125 oC
-55 oC /125 oC
-55 oC /100 oC
55 oC/85%RH
55 oC/85%RH

SCANNING ELECTRON MICROSCOPY INSPECTION

After ageing, samples inspected in a Camscan MX2500 scanning electron microscope and
digital images were acquired at 1000X and 5500X for comparison.
During the SEM inspection, a whisker classification was applied to the side and top of each
sample. The classification, which had previously been used successfully by one of the project
partners (Reference 2), was as follows:
Class 0 - no observable whisker growth
Class 1 - infrequent, short length (<5µm)
Class 2 - infrequent, moderate length (5-25µm)
Class 3 - more frequent, short or moderate length (<25µm)
Class 4 - long (>25µm), classic whisker shape, 3 - 4µm diameter.
2.4

NANO-INDENTING MEASUREMENTS

Nano-indentations were carried out using a Micro Materials Nanotest with a Berkovich
indenter. The maximum applied forces ranged between 50 and 450 mN and produced a range
of indentation depths accordingly. Samples were tested in the as-received state and after
ageing as detailed in Table 2. The hardness was calculated and plotted as a function of the
maximum depth penetration. The trends of hardness with relative indentation depth for each
age were then compared in order to reveal any changes, which might indicate intermetallic
layer growth.

3

NPL Report MAT 29

2.4.1

Calculation of the Hardness and Modulus

The two most common materials parameters measured by nano-indentation are hardness and
elastic modulus. Both of these require measurement of the area of contact of the indenter
with the sample. The contact area can be calculated by standard contact mechanics from the
maximum force and depth achieved and the shape of the force removal portion of the
indentation curve. It is therefore important to be able to accurately assign the indentation zero
and so the mean surface level and to exclude or correct for any indentation displacement due
to thermal drift or material creep.
In these experiments, the force was increased gradually from zero to a maximum where it
was held for 60 s. The force was then progressively removed, pausing at 10% of the
maximum force for 30 s before removing the force completely. The hold period at maximum
force was used to calculate the creep rate of the material. The holding period at 10% was
used to calculate any drift e.g. due to temperature changes in the environment of the machine.
The initial data in the hold periods are discarded to allow the underlying drift rate to be
revealed. This is assumed to be linear and constant throughout the experiment and the
displacements recorded corrected accordingly. All the data shown in this report has been
corrected for thermal drift in this way.
In this work, the highly metallic response of the indentations allowed the gradient of the force
removal curve to be estimated directly by fitting a straight line to the top 80% of the curve.
This line was then extrapolated to the displacement axis. The contact depth, hc, is known
from contact mechanics to be the point that is 25% of the way between the intercept and the
maximum penetration depth achieved during the indentation. The area of contact Ac was
then calculated from hc by using knowledge of the indenter geometry (which had been
calibrated previously).
The hardness was calculated as the ratio of the maximum force divided by the calculated
contact area. The Modulus, E, was calculated from the slope of the fit to the force removal
curve using the expression shown in figure 1.
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Figure 1: Detail of how the hardness and modulus are calculated from the force removal portion
of the indentation curve.

2.4.2

Measurement Position

Different indentation patterns were used according to the specimen shape and the area
available to carry out the indentation. Wherever possible, the indentation pattern shown in
Figure 2 was repeated three times on each specimen and age. Where this was not practical,
the patterns shown in Figure 3 and Figure 4 were also used. In some cases there was only
enough area to repeat a reduced pattern twice (Figure 3).
2.4.3

Correction of the contact position

The high surface roughness of the samples caused considerable scatter in the data zero point.
A special routine was developed to objectively reassign the data zero for each indent. The
method is shown diagrammatically in Figure 5, where the red curve is the original data, and
the green curve is the shifted data. A straight line was fitted between the 2 mN and 5 mN
positions or between 2% and 5% of the maximum force (whichever was the greater). The
intercept with the displacement axis was taken as the new origin. In most cases this routine
worked well, however there were instances where the curves for different forces simply
would not overlap, see Figure 6. Clearly in cases like this, it was not a false origin that caused
the measurement disparity but something more fundamental like excessive creep and/or
macroscopic surface curvature.

5
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Figure 2: Preferred indentation pattern used. The force increased from 50 to 450 mN in 50 mN
steps.

Figure 3: Reduced indentation pattern used when insufficient area was available

Figure 4: Indentation pattern used on the sides of coated wires.
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Figure 5: Example of the straight line fitting routine used to re-originate the force-displacement
curves in order to reduce the measurement artefacts caused by surface roughness.

Figure 6: Example of force-displacement curves that could not be corrected through use of the
re-originating routine. The cause of these anomalous measurement results is more fundamental
and seems to be connected with creep.
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3

RESULTS AND DISCUSSION

3.1

WHISKER DEVELOPMENT UNDER DAMP HEAT CONDITIONS

All the samples except RH1, RH2 and PHLA showed some degree of whiskering during
damp heat conditioning. Degree of whiskering is shown in Figure 7, the results are an
average of two inspected samples for each age. Examples of typical whiskers are shown in
Figures 8 to 12.
4
SCHC
Degree of Whiskering

SCHD
3

ROLA
ROLB
PHLB

2

1

0
0

1
Age at 55C/85%RH (Months)

Figure 7: Whisker development under damp heat conditions
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Figure 8: Examples of whisker development in SCHC sample at 0, 30 and 180 days ageing at
55oC/85%RH (from top to bottom)
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Figure 9: Examples of whisker development in SCHD sample at 0, 30 and 180 days ageing at
55oC/85%RH (from top to bottom)
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Figure 10: Examples of whisker development in PHLB sample at 0, 30 and 90 days ageing at
55oC/85%RH (from top to bottom)
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Figure 11: Examples of whisker development in ROLA sample at 0, 30 and 180 days ageing at
55oC/85%RH (from top to bottom)
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Figure 12: Examples of whisker development in ROLB sample at 0, 30 and 180 days ageing at
55oC/85%RH (from top to bottom)
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3.2

WHISKER DEVELOPMENT UNDER THERMAL CYCLING CONDITIONS

All the samples showed some degree of whiskering during thermal cycling. Degree of
whiskering is shown in Figure 13. Examples of typical whiskers are shown in Figures 14 to
17.

4
GOOA
Degree of Whiskering

MBDA
3

MBDB
ESTA (-55/+100)

2

1

0
0

500

1000

Cycles at -55C/+125C

Figure 13: Whisker development under thermal cycling
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Figure 14: Examples of whisker development in GOOA sample at 0, 500, 1000 and 2000 thermal
cycles -55 oC /125 oC (clockwise from top left)
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Figure 15: Examples of whisker development in MBDA sample at 0, 500, 1000 and 2000 thermal
cycles -55 oC /125 oC (clockwise from top left)
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Figure 16: Examples of whisker development in MBDB sample at 0, 500, 1000 and 2000 thermal
cycles -55 oC /125 oC (clockwise from top left)
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Figure 17: Examples of whisker development in ESTA sample at 0, 250, 500 and 1000 thermal
cycles -55 oC /100 oC (clockwise from top left)

3.3

TIN WHISKERING DISCUSSION

A high percentage of components have been seen to form whiskers to a varying degree. For
those components with Sn platings on Cu, damp heat stressing was successful. The whiskers
generated were usually of the “classic” whisker style, i.e. straight, thin, and of high aspect
ratio. Whiskers up to 100μm were generated with whisker thicknesses generally in the region
of <1μm in diameter.
For samples with Sn platings on Ni barrier layers, thermal cycling was successful. The
whiskers generated were usually shorter and thicker in style. Whiskers up to 30μm were
generated with whisker thicknesses generally in the region of 5μm in diameter.
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3.4

NANO-IDENTING RESULTS AND DISCUSSION

3.4.1

ESTA Coatings

The ESTA coating was measured at 4 different ages. It can be seen that the microscopic
surface appearance changed between ages 1 and 4. See Figure 18. As can be seen from
Figure 19, there is no clear systematic change in the hardness of the coating with age.
However there seems to be an increase in the spread of hardness as the age increases. At
Age 2 there is a significant sample-to-sample difference in hardness. By age 4 the hardness is
almost random, correlating well with the coating’s degraded physical appearance (Figure 18
right).

Figure 18: The change in appearance in ESTA specimens between age 1 (left) and age 4 (right).

ESTA: Hardness variation with Depth
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Figure 19: Variation of hardness with depth and age of the ESTA specimen.
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3.4.2

GOOA Coatings

The GOOA coating measured at 3 different ages. Figure 20 shows the typical surface
roughness and Figure 21 shows the variation of hardness with depth and age. The spread of
results is larger than any trend. Although the age 2 sample appears to be consistently harder
than those of ages 1 and 3, the results do not show a consistent trend with age.

Figure 20: Typical surface roughness of the GOOA specimen

GOOA: Hardness variation with Depth
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Figure 21: Variation of hardness with depth and age of the GOOA specimen
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3.4.3

MBDA Coatings

For this coating, the surface area available for indentations was restricted and so the
indentation pattern was modified to comprise two long rows instead of a square. The same
total number of indentations was obtained in each pattern (see Figure 22). Figure 23 shows
the variation of hardness with depth and age. The spread of results is again large, and no
hardening effect with age can be deduced.

Figure 22: Indentations pattern on the rough surface of MBD Type A

MBD A: Hardness variation with Depth
1.6
1.4

Hardness (GPa)

1.2
1

Age 1
Age 2

0.8

Age 3
Age 4

0.6
0.4
0.2
0
0

5000

10000
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20000

Depth (nm )

Figure 23: Variation of hardness with depth and age of the MBD Type A specimen
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3.4.4

MBDB Coatings

The surface of the MBDB coating is somewhat smoother as witnessed by the reflection seen
in Figure 24. Figure 25 shows the variation of hardness with depth and age. The spread of
results is large, and no hardening effect with age was detected.

Figure 24: Indentations on MBD Type B. The surface is slightly smoother.

MBD B: Hardness variation with Depth
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Figure 25: Variation of hardness with depth and age of the MBD Type B specimen.
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3.4.5

PHLA Coatings

The surface of this coating exhibited micro roughness as seen in Figure 26. Two specimens
of type A were tested at two ages. The hardness measurements with normalised depth
(=depth/coating thickness) and age are shown in Figure 27. An unusual trend may be noticed
in these measurements; the hardness difference between nominally identical samples
increases with age. At age 1 both of the type A specimens behaved in a similar way, but at
age 2, one type A (specimen A) had a lower hardness, and the second type A (specimen B)
had a higher hardness. This effect is very marked and can be easily seen in the individual
force-displacement curves for specimen PHL A2(A) and specimen PHL A2(B) shown in
Figure 28. A marker has been placed at a penetration of 4000 nm to aid comparison. Note
that in specimen A nearly all the force-displacement curves penetrate deeper than 4000 nm,
whilst in specimen B none of them do.
In order to try to understand this difference between specimens, coating thickness
measurements were made on both specimens using X-ray reflection fluorescence (XRF). The
thickness values are shown in brackets in Figure 27. The type A coating on specimen A was
found to be approximately 20% thicker than the type A coating on B. This difference in
thickness is not enough to explain the opposite ways in which the two, nominally identical,
specimens have aged. One has hardened and the other has softened. Although the
measurement spread is smaller and reveals clear trends of hardness with depth, these trends
do not change with age and the difference in average hardness between the two specimens
suggests that ageing mechanisms other than growth of an intermetallic layer are dominant.

Figure 26: Indentation pattern on the surface of the PHL Type A specimen.
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Figure 27: Hardness variation against normalised depth for the two specimens (A & B) of PHL
Type A at two different ages.

Figure 28: Individual force-displacement curves for the indentations made on PHL Type A,
specimens A and B. Notice the differences in penetration depth.
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3.4.6

PHLB Coatings

Six specimens of PHL Type B were examined two at each of three ages. A typical
indentation site is shown in Figure 29. The hardness measurements with normalised depth
and age are shown in Figure 30. Here again, individual samples show the expected trend in
hardness with indentation depth, but the data obtained from the differently aged samples do
not follow a simple trend with age. At all ages, there is a significant difference in the
hardness measured for the two samples tested. This difference appears to increase with age
and be a maximum at age 2.

Figure 29: Indentation pattern on the surface of a PHL Type B specimen.

To demonstrate that the differences were not solely due to thickness variation, the data
corresponding to the first two ages are re-plotted in Figure 31 against a normalised depth, and
the XRF measured coating thicknesses are included in the diagram. Data on the thicknesses
of the coatings of the specimens after age 3 were unfortunately not available.
The coating thicknesses vary significantly from specimen to specimen and the normalised
plot shows that the measured hardness does increase at lower relative indentation depths at
age 2, consistent with the hypothesis of a growing intermetallic layer. However, there is a
larger sample-to-sample difference which is not uniquely related to the normalised depth and
which appears to slightly increase with age of sample.
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Figure 30: Hardness variation against depth for the two specimens of PHL Type B at three
different ages.

Figure 31: Hardness variation of the two PHL Type B specimens for the first two ages plotted
against normalised depth. The numbers in brackets are the X-ray Reflection Fluorescence
(XRF) measured coating thickness of the specimens.
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3.4.7 RH1A Coatings
Two specimens of this type were measured at three different ages. A typical indentation site
is shown in Figure 32. The surfaces were significantly smoother than RH Type B coatings.

Figure 32: Indentation site on RH Type A coating

Figure 33: Hardness variation against normalised depth for the two specimens of RH Type A at
three different ages.

The hardness measurements made on these specimens are shown in Figure 33. Notice again
that although the measurement spread within single indentation runs is generally good, the
differences observed for different ages are not consistent. In this instance the two specimens
start with very dissimilar hardnesses at age 1, but the samples for age 2 are very similar (and
much softer). The samples for age 3 are again harder and once again dissimilar. There is no
clear conclusion that can be derived from these observations.
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3.4.8

RH1B Coatings

Two specimens of this type were measured at three different ages. A typical indentation site
is shown in Figure 34. The surfaces were significantly rougher than RH Type A.

Figure 34: Typical indentation site on RH Type B specimen

The hardness measurements made at the three different ages are shown in Figure 35. Notice
that there is reasonable consistency between the specimens for the hardness measurements
obtained at ages 1 and 2, but there is a large difference between the two specimens at age 3. If
we can assume that the coatings are initially identical, it appears that the coatings start at a
medium hardness, then softened considerably by age 2, and then only specimen B hardened
by age 3 whilst specimen A remained soft.
A more pronounced difference between RH Type A and Type B coatings was seen when
comparing the force-removal curves. Figure 36 shows the force-removal curves obtained
after a holding period of 60 s at maximum force. Notice that at the first part the forceremoval curves for both type A and type B are fairly straight. However with increasing age
the force-removal curves of the Type B coating show a considerable curvature or “nose”.
Fitting a straight line through this nose causes considerable error in the estimation of
hardness. This curvature is caused by the creep behaviour of the coating, which is extremely
pronounced in the type B coating because, even after a holding period of 60 seconds, the
indenter continues to penetrate the coating even though the load has already started to
decrease. The high creep rate means that the hardness value obtained is largely a matter of
how soon or how quickly the measurement is made. The very significant difference in creep
between samples with age is the clearest conclusion that can be derived as to the differences
between coating Type A and Type B.
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Figure 35: Hardness variation against depth for the two specimens of RH Type B at three
different ages. The age 3 B sample is very significantly different to the rest (reason unknown).

Figure 36: Differences in force-removal curves for RH type A and Type B coatings (specimen A
in each case). Notice how the large amount of creep in coating type B at higher ages causes a
“nose” in the data.
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3.4.9

ROLA Coatings

The substrates were leads for electronic components. In order to accommodate the
indentations they were arranged in a single line. See Figure 37.
The hardness measurements made at the three different ages are shown in Figure 38. Notice
that the scatter in the age1 and age 3 data both within a sample and between samples is high
but that for age 2 is much lower. Figure 39 shows the force-increasing curves after they have
been re-originated. Clearly the variability is large and indicating that there is a lack of
consistent deformation behaviour within the samples.

Figure 37: Indentations on a lead supplied by ROL.

ROL A: Hardness variation with Depth
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Figure 38: Hardness variation against depth for the two specimens of ROL Type A at three
different ages.
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Figure 39: Re-originated force-increasing curves for ROL Type A age 3 showing the cause of
the large variation in hardness seen in the yellow data set of Figure 38

3.4.10 ROLB Coatings
The substrates were leads for electronic components. In order to accommodate the
indentations they were arranged in a single line. See Figure 37.
The hardness measurements obtained from ROL Type B leads were similarly variable (see
Figure 40). The difference in the depth of indent achieved in specimens A and B at age 2 can
be seen clearly in Figure 41, where an arbitrary marker has been placed at 5000 nm as a
guide. In this case, not only were there dramatic differences between the two specimens, but
there were also large differences between the different series of indents carried out on the
same specimen, see Figure 42. The variability of hardness measurements suggests that other
mechanisms and/or inhomogeneities are dominant in determining indentation hardness.
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Figure 40: Hardness variation against depth for the two specimens of ROL Type B at three
different ages.

Figure 41: Individual force-displacement curves for the indentations made on ROL Type B,
specimens A and B. Notice the differences in penetration.

32

NPL Report MAT 29

Figure 42: Individual force-displacement curves for the indentations made on ROL Type B,
sites 1 and 3 on the same specimens. Notice the differences in penetration.

3.4.11 SCHC Coatings
Two samples of SCH type C were tested at each of three different ages. The surface was
fairly rough, making its appearance matt grey. The typical indentation pattern is shown in
Figure 43.

Figure 43: Typical indentation pattern on SCH Type C.
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The hardness measurements obtained on the six specimens of type C are shown in Figure 44.
Although the measurement spread is better than in many previous cases, the noise is still
large enough to mask any systematic changes with ageing that may be present. Whiskering
can be seen inside a hole of a frame after three months of storage at 22ºC in a temperature
controlled laboratory, Figure 45.
SCH Type C: Hardness variation with Depth
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Figure 44: Hardness measurements against depth for three ages of SCH Type C.

Figure 45: Optical micrographs of a part of SCH Type C frame taken with reflected and
transmitted illumination. The specimen was age 1 but stored at 22ºC in a temperature
controlled laboratory for 3 months.

34

NPL Report MAT 29

3.4.12 SCHD Coatings
The overall appearance of the Type D specimen was brighter. A typical indentation site is
shown in Figure 46. The hardness measurements obtained on the six specimens of type D are
shown in Figure 47. Age 3 samples are slightly harder than the rest. Notice that, for all
samples, the hardness has very little depth dependence indicating very little substrate effect.
This was an unexpected finding and to gain greater understanding of this, coating thickness
measurements were performed on the specimens of age 1 and age 2.

Figure 46: Typical indentation pattern on SCH Type D.

SHC Type D: Hardness variation with Depth
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Figure 47: Hardness measurements against depth for three ages of SCH Type D.
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Figure 48 shows the hardness plotted against normalised depth. The coating thickness was
shown by XRF to be so large that the maximum indentation depth is still only 60% of the
coating thickness. This explains why there appears to be no depth related effect in the
hardness and indicates that it would take a large increase in intermetallic layer thickness
before it could be detected. At the indentation depths here, the layer is so thick it behaves like
a bulk specimen.
Advanced whiskering could be seen inside a rectangular hole of a frame after three months of
storage at 22ºC in a temperature controlled laboratory, see Figure 49.

Figure 48: Hardness measurements against normalised depth for three ages of SCH Type D.
Notice that the maximum indentation depth is only 60% of the coating thickness as measured by
XRF.

Figure 49: Optical micrographs of a part of SCH Type D frame taken with reflected and
transmitted illumination. The specimen was age 1 but stored at 22ºC in a temperature
controlled laboratory for 3 months.
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4
4.1

DISCUSSION AND CONCLUSIONS
TIN WHISKERING

Conditioning samples using damp heat or thermal cycling resulted in a high percentage of
components exhibiting a variety of whisker types and densities. Using damp heat
conditioning of components with Sn platings on Cu, over 60% of samples exhibited
whiskering. The whiskers generated were usually straight, thin, and of high aspect ratio.
Whiskers up to 100μm were generated with whisker thicknesses generally in the region of
<1μm in diameter. For samples with Sn platings on Ni barrier layers, thermal cycling was
successful. The whiskers generated were usually shorter and thicker in style. Whiskers up to
30μm were generated with whisker thicknesses generally in the region of 5μm in diameter.
4.2

NANO-INDENTING

The coatings tested were supplied on a variety of substrates with a range of surface shape and
roughness, making trends difficult to observe. Inspection of the raw force-increasing curves
from the Nanotest shows that there is a large spread in indentation response, most likely due
to the variable surface conditions encountered by the indenter. It is clear that none of the
specimens were microscopically flat and some were not macroscopically flat.
In other cases, where the measurement spread was low, the differences between specimens of
the same type and age was larger than the differences between the types or between the ages.
In particular, the response of samples of age 2 was very unexpected. Many different samples
showed a very large increase in the sample-to-sample variation at this age and/or both
samples behaved differently to either age 1 or age 3. The reason for this is not clear but
clearly affects more than one manufacturer and component type.
The sample-to-sample differences observed cannot be explained away as drift in the
instrument because large measurement differences are seen within minutes of each other. The
effect of the severe surface roughness is to increase dispersion of the results and is very
unlikely to have caused the systematic shifts observed. Coating porosity is a possible cause
and could not be tested, although optical inspection of the indentations themselves did not
reveal great differences. Variations in local coating thickness would cause shifts in hardness
and were investigated by direct thickness measurement of the indented samples. Thickness
was shown to vary significantly but, although a contributing factor, it was not the main
source of the indentation response variations.
Evidence for ageing effects other than the growth of an intermetallic layer was provided by
the difference in response of the RH coatings. Here there was a dramatic increase in the creep
behaviour of the RH Type B coating with age. This indicates that the dominant effect in this
system is the rapid annealing of coating B by the ageing process. Large changes in the
average properties of the coatings, such as this, make it very difficult to use age to age
comparisons to detect effects due to intermetallic layers. If the layer thicknesses were better
known, a study of the elastic modulus results (also available from the nanoindentation data)
would be instructive to see if aging had changed the composition of the materials
significantly.
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