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Abstract This work investigates the effects of 0.1 and

0.2 wt. % Al additions on bulk alloy microstructure and

tensile properties as well as on the thermal behavior of Sn–

1Ag–0.5Cu (SAC105) lead-free solder alloy. The addition of

Al reduces the amount of Ag3Sn intermetallic compound

(IMC) particles and leads to the formation of larger Al–Ag

IMC particles. Moreover, the addition of Al suppresses the

formation of Cu6Sn5 IMC particles and leads to the forma-

tion of larger Al–Cu IMC particles. The Al added solders

show a microstructure with large primary b-Sn grains. The

tensile tests show that the 0.1 wt. % Al addition reduces the

elastic modulus, yield strength and ultimate tensile strength

(UTS). However, the 0.2 wt. % Al addition brings the yield

strength up to SAC105 level and the UTS up to level slightly

higher than that of SAC105, while its effect on reducing the

elastic modulus becomes less dependent compared with the

0.1 wt. % Al addition. Moreover, both 0.1 and 0.2 wt. % Al

additions deteriorate the total elongation. The two additions

of Al slightly increase the solidus and liquids temperatures,

while slightly reduce the pasty range, hence allowing the use

of the Al-containing Sn–1Ag–0.5Cu alloys, to be consistent

with the conditions of usage for conventional Sn–Ag–Cu

solder alloys.

1 Introduction

Traditionally, Sn–Pb solder alloy has been the main sol-

dering material for modern electronic packaging because of

its superior performance and low cost. The presence of Pb

in Sn–Pb solder alloys, mostly in the composition of

eutectic 63Sn–37Pb, makes the solder superior in terms of

its thermal and mechanical characteristics for microelec-

tronic assembly and reliability [1]. However, the inherent

toxicity of Pb has raised serious environmental and public

health concerns [2–4]. The high Ag-content Sn–Ag–Cu

alloys such as Sn–4 wt. %Ag–0.5 wt. %Cu (SAC405) or

Sn–3 wt. %Ag–0.5 wt. %Cu (SAC305) have been consid-

ered promising replacements for the Sn–Pb solder alloy for

microelectronics applications based on low available

melting temperature, near eutectic composition and good

cyclic fatigue properties [5]. However, due to the rigidity

of the high Ag-content SAC alloys compared with the Sn–

Pb solder alloy, more drop and high impact failures have

been observed for these replacement alloys in portable

electronic products such as personal data assistants (PDA),

cellular phones, and notebook computers which all require

good drop impact reliability [2, 6–11]. The root cause of

the poor drop impact reliability of the high Ag-content

SAC alloys lies in the bulk alloy properties. These high Ag-

content SAC alloys have a relatively high elastic modulus

and yield strength and small elongation, which result in a

stiff bulk solder joint. This stiff bulk solder more readily

transfer stress to the solder/substrate interface under con-

ditions of drop. The intermetallic compound (IMC) layers

formed at solder/substrate interface are of low ductility and

exhibit brittle failure [12–14]. Moreover, the price com-

petitiveness of the high Ag-content SAC alloys is a weak

point due to the high cost of Ag [15]. Thus, there is a

demand for a soft, highly compliant and relatively
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inexpensive alloy as a replacement for the high Ag-content

SAC alloys for drop and high impact applications.

Low Ag-content SAC alloys such as Sn–1 wt. %Ag–

0.5 wt. %Cu (SAC105) have been considered a solution

for resolving both issues [16]. Reducing the Ag content of

the SAC alloy has been shown to reduce the elastic mod-

ulus and yield strength and increase the elongation of the

bulk solder. This, in turn increases the elastic compliance

and the plastic energy dissipation ability of the bulk solder,

which are key factors to enhancing the drop resistance [17].

To further enhance the drop resistance, a family of low Ag-

content SAC alloys doped with minor alloying additions

such as Ni, Mn, Ce,Ti, In, Cr and Al have been investigated

[13, 18–22]. Al is a low-cost element, and the use of Al is

regarded as environmentally friendly, as Al is a non-haz-

ardous material. Moreover, Al can change the intermetallic

phases formed at the interface. However, a literature search

revealed that few studies have been reported so far on the

effect of Al addition on Sn–Ag–Cu solder joint quality.

Generally, the formation and growth rate of the interface

intermetallic compound (IMC) layer, the compliance of the

bulk solder and the solder’s wetting properties are the most

influential factors in drop impact tests. Gain et al. [23]

reported that the additions of 1 and 3 wt. % Al nanopar-

ticles to the eutectic Sn–3.5Ag–0.5Cu solder on a Ni/Au

surface finish improved the shear strength of the solder

joints after multi-reflow and the following solid-state

aging. The improvement in shear strength was attributed to

a second phase dispersion strengthening mechanism

through the formation of fine Sn–Ag–Al intermetallic

compound particles and a controlled fine microstructure.

Moreover, the effect of 1.5 wt. % Al addition on the

interfacial reaction between the eutectic Sn–3.5Ag solder

and Cu or Ni(P)/Au substrates was investigated by Jee et al.

[24]. These authors reported that the addition of 1.5 wt. %

Al to the Sn–3.5Ag solder on Cu suppressed the formation

of Cu6Sn5 and Cu3Sn IMC layers and led to the formation

of a very thin CuAl2 IMC layer. The CuAl2 IMC layer acts

as a diffusion barrier to the reaction between Cu and Sn,

with the result that it hardly grows during aging. Moreover,

the addition of 1.5 wt. % Al to the Sn–3.5Ag solder on

Ni(P)/Au introduces a very thin, mixed IMC layer (Ni3Sn4

and Al3Ni2) and completely suppresses the formation of the

Ni3P layer. However, Kotadia and co-workers [25] dem-

onstrated that the addition of Al in the range of 0.5 wt. %

to 2 wt. % to a limited volume eutectic Sn–3.5Ag solder on

Cu or Ni(P)/Au substrates does not change the formation

and growth rate of the Cu–Sn and Ni–Sn IMC layers after

reflow and the following solid-state aging. The effect of Al

addition on SAC105 solder joint in terms of wettability and

drop impact reliability was investigated by Lee et al.

[22]. They found that Al addition in the range of

0.005–0.02 wt. % to SAC105 solder on Cu–OSP substrate

leads to a greater wetting force and shorter wetting time

than the SAC105 solder, but Al addition over 0.1 wt. %

resulted in poor wetting properties due to an increase in

surface oxide. In general, Al metal easily forms Al oxide in

the Sn–Ag–Cu solder system because the activation energy

of Al oxide is lower than that of Sn oxide. Moreover, the

additions of 0.005–0.02 wt. % Al to the SAC105 solder on

an OSP surface finish improved its drop impact perfor-

mance beyond the SAC105 solder. The extrinsic toughen-

ing of the bulk solder is possibly a very effective way to

improve the drop impact reliability of solder joints, since

its applicability is less dependent on interfacial phase for-

mation and therefore be effective regardless of various

surface finishes used in industry [17]. In addition, the

extrinsic toughening of the solder is highly dependent on

parameters such as low elastic modulus (to provide high

compliance) and low yield strength (to provide high plastic

energy dissipation ability). Thus, the present work inves-

tigates the effect of Al addition to the low Ag-content Sn–

1Ag–0.5Cu solder on the bulk alloy microstructure and

mechanical properties.

2 Experimental procedures

The Sn–1Ag–0.5Cu, Sn–1Ag–0.5Cu–0.1Al and Sn–1Ag–

0.5Cu–0.2Al bulk solder specimens with a flat dog-bone

shape were used in this study. Figure 1 shows the solder

bar specimen and its dimensions. The thickness of the

solder bar is 5 mm. The alloys were prepared by melting

the Al with a pure Sn ingot in an induction furnace to make

the master alloy (Sn ? 2 wt. % Al). Next, the master alloy

was sent to a third party lab (SGS) to confirm the Al ele-

ment concentration. The Sn–Al, Sn–Ag and Sn–Cu master

alloys were mixed with pure liquid Sn in a melting furnace

for 60 min in an atmospheric environment at 290–300,

350–360 and 420–430 �C for the Sn–1Ag–0.5Cu, Sn–1Ag–

0.5Cu–0.1Al and Sn–1Ag–0.5Cu–0.2Al solders, respec-

tively. The chemical compositions were analyzed by

Atomic Emission Spectrometry (AES) to ensure that Sn,

Ag, Cu and the impurity of the alloy composition met the

specifications (see Table 1). Then, the molten alloys were

poured into pre-heated stainless steel molds, and the molds

were naturally air-cooled to room temperature (25 �C).

Fig. 1 Solder bar specimen
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Finally, the molds were disassembled, and the dog-bone

samples were removed and visually inspected to ensure

that the surface of the parallel area was without damage

and voids. The melting behavior of the solder alloys was

investigated using differential scanning calorimetry (DSC).

The sample alloy with a sample size of approximately

2.2 mg was used for DSC analysis. To obtain melting

property data, the sample of SAC105 alloy was held for

1 min at 207 �C and was then heated from 207 �C to

236 �C with a scanning rate of 5 �C/min. The sample was

subsequently cooled down from 207 �C to 65 �C at

100 �C/min, and then held for 15 min at 65 �C. The sam-

ples of SAC105–0.1Al and SAC105–0.2Al alloys were

held for 1 min at 190 �C and were then heated from 190 �C

to 240 �C and 260 �C, respectively with a scanning rate of

5 �C/min. The samples were subsequently cooled down to

65 �C at 100 �C/min, and then held for 15 min at 65 �C.

Before the tensile testing, the specimens were annealed

at 100 �C for 2 h to decrease the residual stress induced

during the sample preparation. Then, the solder bar was set

onto a testing grip at two ends of the specimen using the

Instron 5569A universal testing machine as shown in

Fig. 2. An extensometer was then secured onto the speci-

men surface to measure the strain of the solder. In this

study, 10 mm was used as a gauge length. Three different

solders were prepared with the following nominal com-

position: Sn–1Ag–0.5Cu, Sn–1Ag–0.5Cu–0.1Al and Sn–

1Ag–0.5Cu–0.2Al. Fifteen samples were tested under the

same testing conditions for each solder specimen to obtain

reliable and repeatable results. The test data were averaged

to calculate the specimens’ tensile properties. Tensile tests

were carried out to investigate the effect of Al addition on

the mechanical properties of Sn–1.0Ag–0.5Cu alloy such

as elastic modulus, yield strength and ultimate tensile

strength (UTS). Tensile tests were conducted at room

temperature (25 �C) and at a constant strain rate of 10-3

s-1. In this paper, the elastic modulus of solder was

obtained from the elastic part of the tensile stress–strain

curve. The yield strength of solder was considered as the

stress value at which 0.2 % plastic strain occurs. The UTS

of solder was considered as the maximum stress in the

stress–strain curve. The microstructure, morphology and

elemental analysis were carried out with conventional

scanning electron microscopy (SEM), field emission SEM

(FESEM) (zeiss ultra-60 FESEM) and energy disper-

sive X-ray spectroscopy (EDX) (EDAX-genesis utilities).

Electron backscatter diffraction (EBSD) analysis was also

carried out to determine the IMC phases. The SEM spec-

imens were prepared through dicing, resin molding,

grinding and polishing processes. The specimens were

ground with four grades of SiC paper (#800, #1,200,

#2,400 and #4,000), and then mechanically polished with a

diamond suspension (3 lm). Finally, the specimens were

polished with colloidal silica suspension (0.04 lm).

3 Results and discussion

3.1 Tensile properties of the alloys

The stress–strain curves of the standard SAC105 and Al-

containing SAC105 solders are shown in Fig. 3. As illus-

trated, adding Al to the SAC105 alloy significantly affected

mechanical properties. Figure 4 shows the mechanical

properties of elastic modulus, 0.2 % proof stresses, ulti-

mate tensile strengths (UTS) and total elongation for the

SAC105, SAC105–0.1Al and SAC105–0.2Al solders. The

addition of 0.1 wt. % Al reduces the elastic modulus, yield

strength and UTS. On the other hand, the 0.2 wt. % Al

addition brings the yield strength up to SAC105 level and

the UTS up to level slightly higher than that of SAC105,

while its effect on reducing the elastic modulus becomes

less dependent compared with the 0.1 wt. % Al addition.

Moreover, both 0.1 and 0.2 wt. % Al additions deteriorate

the total elongation.

Table 1 Chemical composition of the alloys ( wt. %)

Solder alloy Sn Ag Cu Fe Pb Sb Al As Bi Cd Zn In Ni

SAC105 98.3815 1.0446 0.5070 0.0021 0.0067 0.0042 0.0005 \0.0001 0.0019 0.0001 0.0002 0.0019 0.0493

SAC105–0.1Al 98.3769 1.0098 0.5011 0.0011 0.0062 0.0044 0.0957 0.0001 0.0022 0.0001 0.0002 0.0023 –

SAC105–0.2Al 98.2124 1.0184 0.5398 0.0008 0.0061 0.0038 0.1946 0.0001 0.0017 0.0001 0.0001 0.0016 –

Fig. 2 Tensile testing setup
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As a solder joint material, the SAC105 solder alloy has

been reported to have good drop impact reliability [26, 27].

This can be attributed to the low elastic modulus and yield

strength and the large elongation of the SAC105 alloy,

which result in a soft and highly compliant bulk solder

joint. Thus, the SAC105 alloy can dissipate high dynamic

energy through bulk solder deformation, which reduces the

dynamic stress transferred to the interface IMC layers

during drop impact loading conditions. Referring to

Fig. 4a, b, the SAC105–0.1Al bulk solder has elastic

modulus that is about 47 % lower than that of the SAC105

and yield strength that is about 19 % lower than that of the

SAC105. That is, the 0.1 wt. % Al addition to the SAC105

bulk solder reduces the elastic modulus and yield strength.

This reduction increases the bulk compliance and plastic

energy dissipation ability, which are believed to play an

important role in drop impact performance enhancement.

The high elastic compliance and high plastic energy dis-

sipation ability are key material properties to be optimized

for extrinsic toughening [12–28]. The extrinsic toughening

refers to a toughening mechanism attained by reducing the

effective crack driving force that the crack tip actually

experiences, through various energy dissipation processes

without increasing inherent fracture resistance of the

material or interface [29]. On the other hand, the

SAC105–0.2Al bulk solder has elastic modulus that is

about 21 % lower than that of the SAC105 (see Fig. 4a),

while the yield strength is about the same as that of the

SAC105 (see Fig. 4b). Thus, the addition of the 0.2 wt. %

Al to the SAC105 solder is less effective in reducing the

elastic modulus compared to the 0.1 wt. % Al addition.

Moreover, the reduction in yield strength has been shown

to stop with 0.2 wt. % Al addition. This observation

implies that Al is a softening and strengthening element for

the SAC105 solder alloy. It is worth to notice that the

elongation of the Al added solders is lower than that of the

SAC105 (see Fig. 4d). Thus, the SAC105 without Al has

the ability to withstand much more plastic deformation

than the two alloys with Al.

It is well known that the strain rate experienced by

solders joint during drop impact testing is estimated to be

102/sec, which belongs to dynamic-to-impact loading

Fig. 3 Stress–strain curves for SAC105, SAC105–0.1Al and

SAC105–0.2Al solders

Fig. 4 Tensile properties for SAC105, SAC105–0.1Al and

SAC105–0.2Al solders: a elastic modulus, b yield strength, c UTS

and d total elongation
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condition. Under this condition, metallic materials are

generally subject to a strain rate sensitivity phenomenon

[12–28]. In this regime, metallic materials including sol-

ders become stronger or plastic deformation is more diffi-

cult with increasing strain rate. Since solders typically

operate at very high homologous temperatures (*0.6) even

at room temperature, considerable strain-rate sensitivity is

exhibited by solders. Therefore, plastic deformation is

suppressed under these high strain rates. Under this situa-

tion, the elastic compliance becomes a more significant

material property in governing solder joint deformation and

therefore stress transfer without global plastic deformation

to the solder joint during drop test. That is, the performance

of the bulk solder during drop impact loading conditions is

dominated by elasticity. Figure 5 shows only the elastic

portion of the stress–strain curve of the standard SAC105

and Al-containing SAC105 bulk solders. The SAC105–

0.1Al and SAC105–0.2Al bulk solders have higher elastic

compliance than the SAC105, and as a result, the stress on

the SAC105–0.1Al and SAC105–0.2Al alloys is lower than

that on the standard SAC105 alloy at the same strain. Thus,

the SAC105–0.1Al and SAC105–0.2Al solders with a

higher elastic compliance are expected to exhibit longer

strain to failure than the standard SAC105 solder with

lower elastic compliance. However, SAC105–0.2Al is less

effective in increasing the elastic compliance than the

SAC105–0.1Al. Moreover, too much Al addition over

0.1 wt. % results in a poor wetting property due to an

increase in surface oxide [22].

Fig. 5 The elastic portion of stress–strain curve for SAC105,

SAC105–0.1Al and SAC105–0.2Al solders

Fig. 6 SEM micrographs of a SAC105, b SAC105–0.1Al and c SAC105–0.2Al solders
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3.2 Microstructures of the alloys

Figure 6a, b, c show the as-cast microstructures of the

SAC105, SAC105–0.1Al and SAC105–0.2Al solders,

respectively. Referring to Fig. 6a, the microstructure of the

SAC105 solder consists of large primary b-Sn grains sur-

rounded by eutectic regions of Ag3Sn and Cu6Sn5 inter-

metallic compounds (IMC) dispersed within Sn-rich

matrix. The microstructure of SAC105–0.1Al solder shown

in Fig. 6b consists of large primary b-Sn grains surrounded

by eutectic regions of three types of IMC particles dis-

persed in Sn-rich matrix. The magnified micrographs of the

eutectic region are presented in Fig. 7a, b. The EDS

analysis results have indicated that the large dark particles

shown in Fig. 7a are Cu69.63–Al24.98–Sn05.38 (see

Fig. 8a); the large gray particles shown in Fig. 7a, b are

Ag65.44–Al01.44–Sn33.08 (see Fig. 8b); and the fine

bright particles shown in Fig. 7b are Ag27.33–Sn72.67 (see

Fig. 8c). SEM element mapping was also carried out, as

shown in Fig. 9. The concentration of Ag, Cu and Al has a

sudden rise at the location of the bulk IMC particles, while

the concentration of Sn becomes small at the location of

the bulk IMC particles. This indicates that the elements Ag,

Cu and Al constitute the bulk IMC particles. Presumably

the large dark and large gray particles are primarily IMC of

Al–Cu and Al–Ag partially mixed with Sn, respectively.

The fine bright particles are speculated to be Ag3Sn IMC

particles. The results of SAC105–0.2Al solder are in line

with those observed in SAC105–0.1Al solder.

It is well known that, to a large extent, the microstruc-

tural characteristics of an alloy determine its mechanical

performance. The Ag3Sn and Cu6Sn5 phases have been

reported to possess a much higher strength than the bulk

material in the SAC alloys, whereas the primary b-Sn

phase has the lowest elastic modulus and lowest yield

strength among the bulk constituent phases in the SAC

alloys [12, 27, 28]. Thus, the large amount of Ag3Sn and

Cu6Sn5 phases increases the elastic modulus and yield

strength, resulting in a stiff bulk solder. On the other hand,

the presence of a high fraction of the primary b-Sn phase

reduces the elastic modulus and yield strength, resulting in

a soft and highly compliant bulk solder. Referring to

Fig. 6a, the microstructure of the SAC105 alloy consists of

relatively large primary b-Sn grains and small Ag3Sn and

Cu6Sn5 IMC particles sparsely distributed within the

eutectic regions. Thus, the low elastic modulus and the low

yield strength of the SAC105 solder can be attributed to the

large primary b-Sn grains and the small amount of Ag3Sn

IMC particles.

Referring to Figs. 6b and 7, the microstructure of the

SAC105 alloy containing 0.1 wt. % Al consists of large

primary b-Sn grains and eutectic regions with large and

sparsely distributed Al–Ag and Al–Cu IMC particles.

Moreover, a small amount of Ag3Sn IMC particles can be

ob served in the eutectic regions. Al has a great solubility

in Cu, while the solid solubility of Cu in Al is restricted

[30], and hence it is likely that Al and Cu form an Al-rich

or Cu-rich phase that would transfer to the Al–Cu inter-

metallic compounds. Al has around 3 % solubility in Ag at

200 �C, [31] while Ag exhibits around 1 % solubility in Al.

Al and Sn exhibit a eutectic temperature of 228.3 �C at

0.5 % Sn, [32] yet there is nearly zero solubility of each

other at temperatures below 200 �C. On the basis of this

information, it seems reasonable to say that the coexistence

of Al with Ag and Cu is at least in correspondence with the

anticipation that Al has solubility in Ag [31] and Cu [30]

yet nearly zero solubility in Sn [32]. Thus, the 0.1 wt. % Al

addition to the SAC105 bulk solder suppresses the for-

mation of the Cu6Sn5 and forms larger Al–Cu IMC parti-

cles. Concurrently, the 0.1 wt. % Al addition significantly

reduces the amount of the Ag3Sn and forms larger Al–Ag

IMC particles. It is well known that fine particles in alloys

impede dislocation movement more efficiently, and pro-

duce an alloy with greater yield strength. When these

Fig. 7 SEM micrographs of eutectic region for SAC105–0.1Al solder
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particles grow in size, the yield strength decreases. In

addition, when the coherency of particles within the matrix

is gradually lost when particles grow, the yield strength is

further decreased [33]. In light of this mechanism, the

small Ag3Sn and Cu6Sn5 are replaced with larger Al–Ag

and Al–Cu IMC particles, thereby resulting in a reduction

of the elastic modulus and the yield strength. Summarily,

the existence of larger Al–Ag and Al–Cu IMC particles in

the eutectic regions surrounding the large primary b-Sn

grains in the SAC105–0.1Al solder reduces the elastic

modulus and yield strength.

However, as Al concentration increases from 0.1 to

0.2 wt. %, the reduction in the elastic modulus and yield

strength becomes less significant. This can be attributed to

increase the amount of Al–Ag IMC particles with

increasing Al, which leads to reduce the spacing between

these particles (see Fig. 6b, c), thus retarding the disloca-

tion movement [34]. Moreover, as Al concentration

increases from 0.1 to 0.2 wt. %, the particles size of Al–Ag

decreases (see Fig. 6b, c). However, the size of these Al–

Ag particles is still quite larger than the Ag3Sn. To further

study the effect of Al addition to the SAC105 bulk solder.

The fracture surfaces were examined after tensile tests.

Figure 10 shows SEM micrographs of the fracture surfaces

of Sn–1Ag–0.5Cu–xAl alloys (X = 0. 0.1 and 0.3 wt. %).

All alloys displayed a ductile fracture mode. The dimpled

pattern is represented in all fracture surfaces. The fracture

surface of the SAC105 solder consists of large ductile-

dimples (see Fig. 10a). These results demonstrate the

fracture mechanism is microvoid coalescence fracture. For

the SAC105–0.1Al and SAC105–0.2Al solders, the frac-

ture surface with the elongated dimples along a trace of

shear stress (see Fig. 10b, c) is indicative of a ductile shear

fracture. The reduction of tensile strength and elongation

for the Al added solders may be related to the weak

interface between the large Al–Ag and Al–Cu IMCs with

the b-Sn matrix. Thus, rather than ductile cup-cone, ductile

shear fracture surface is exposed after tensile test.

Fig. 8 EDS analysis result of the IMC particles in the SAC105–0.1Al solder
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Fig. 10 SEM fractographs of the alloys after tensile tests: a SAC105, b SAC105–0.1Al and c SAC105–0.2Al

Fig. 9 SEM element mapping of SAC105–0.1Al solder
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3.3 Thermal behavior

DSC analysis was carried out to determine the effects of the

Al addition on the melting temperature/range of the standard

SAC105 alloy. Figure 11 shows the DSC heating curves of

the standard SAC105 and Al-containing SAC105 alloys. As

can be seen form Fig. 11a, the SAC105 exhibit two endo-

thermic peaks. Referring to Fig. 11b, c, the SAC105–0.1Al

and the SAC105–0.2Al alloys show two endothermic peaks

similar to those of the SAC105 alloy. Compared with

SAC105, Al-containing SAC105 alloys exhibit slightly

higher solidus and liquidus temperatures, while slightly

narrower pasty range (see Table 2). Increasing the Al content

leads to slightly decrease the solidus and liquidus tempera-

tures. Moreover, the pasty range slightly decreases from

8.25 �C to 7.95 �C due to increasing the Al content.

4 Conclusion

1. The 0.1 and 0.2 wt. % Al additions to the SAC105 bulk

solder suppress the formation of Cu6Sn5 IMC particles

and significantly reduce the number of Ag3Sn IMC par-

ticles, and form larger Al–Cu and Al–Ag IMC particles.

2. The 0.1 wt. % Al addition to the SAC105 bulk solder

further reduces the elastic modulus, yield strength and

UTS. Increasing the Al concentration from 0.1 to

0.2 wt. %, brings the yield strength up to the level of

SAC105 and the UTS up to level slightly higher than the

SAC105, whilst its effect on reduction of elastic modulus

becomes less dependent on increasing Al concentration.

3. The 0.1 and 0.2 wt. % Al additions to the SAC105

alloy deteriorate the total elongation.

4. The additions of 0.1 and 0.2 wt. % Al slightly increase

both solidus and liquids temperatures of the SAC105

solder, and slightly reduce the pasty range, hence

allowing the use of the Al-containing Sn–1Ag–0.5Cu

alloys, to be consistent with the conditions of usage for

conventional Sn–Ag–Cu solder alloys.
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