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Abstract. The transition from traditional Sn-Pb solders to lead-free 

alternatives has become a critical challenge in the electronics industry due 

to environmental and health concerns. This study investigates the thermal 

behavior, microstructure, and mechanical properties of a commercial 

SAC305 lead-free solder alloy. Thermal characteristics were examined 

using cooling curve analysis and Differential Scanning Calorimetry (DSC), 

revealing a melting point around 216°C—significantly higher than the 

eutectic Sn-Pb solder. Microstructural analysis using optical microscopy 

demonstrated a distinct dendritic structure typical of Sn-Ag-Cu alloys. 

Vickers hardness testing showed an average hardness of 22.4 HV, indicating 

superior mechanical strength compared to Sn60-Pb40 solder, which 

measured 16.88 HV. The enhanced mechanical and thermal stability of the 

SAC305 alloy, along with its compliance with RoHS directives, confirms its 

potential as a reliable, environmentally friendly alternative to conventional 

lead-based solders in electronic assembly. However, its higher melting point 

necessitates careful control of soldering processes to minimize thermal stress 

on electronic components. 

1 Introduction 

Soldering plays a critical role in the reliability and performance of electronic assemblies by 

providing both electrical connectivity and mechanical integrity between components and 

substrates. For several decades, eutectic tin-lead (Sn-Pb) solders, particularly the Sn60–Pb40 

alloy, dominated the electronics manufacturing industry due to their excellent wettability, 

low melting point (~183°C), and predictable reflow characteristics. However, increasing 

awareness of lead’s toxicity and the introduction of strict environmental regulations—such 
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as the European Union’s Restriction of Hazardous Substances (RoHS) directive—have led 

to a global push toward the adoption of lead-free solder alternatives [1]. 

Among the various lead-free systems developed, Sn–Ag–Cu alloys have emerged as the 

most viable substitutes for traditional Sn-Pb solders. SAC (95.5Sn–3.8Ag–0.7Cu) has gained 

widespread industry adoption due to its relatively good mechanical properties, acceptable 

melting range (~217°C), and compatibility with existing surface-mount technology. Despite 

these advantages, SAC alloys present inherent limitations. Their higher melting temperatures 

increase the thermal load on sensitive electronic components, and their solidification 

behavior is more complex due to multiple phase transformations and the formation of 

intermetallic compounds (IMCs) such as Ag₃Sn and Cu₆Sn₅ [2]. These microstructural 

features can influence solder joint reliability, particularly under thermal cycling and 

mechanical fatigue. In addition, although tin-copper (Sn-Cu) alloys are widely regarded as 

non-toxic and environmentally friendly, their application in electronic devices still presents 

significant reliability concerns. One critical issue is the spontaneous growth of tin whiskers—

microscopic, hair-like metallic filaments—that can lead to catastrophic electrical short 

circuits [3]. 

The microstructure of a solder alloy is directly influenced by its composition and cooling 

behavior, which in turn govern its mechanical strength, ductility, and failure resistance. It is 

well established that finer and more uniformly distributed IMCs contribute to improved 

mechanical performance, while coarse or uneven microstructures can become stress 

concentrators and promote crack initiation [3]. Furthermore, the addition of trace elements—

such as gold (Au), nickel (Ni), or bismuth (Bi)—to SAC-based solders has been explored as 

a strategy to refine grain structures, enhance mechanical properties, and improve long-term 

reliability [4]. 

This study investigates the thermal behavior, microstructure, and mechanical 

performance of a commercial SAC305 lead-free solder alloy compared to Sn60–Pb40 solder, 

solder paste, and a modified SAC alloy with trace gold (88.6Sn–9.5Ag–1.8Cu–0.1Au). A 

comprehensive evaluation is conducted using DSC to analyze melting transitions, cooling 

curves to observe solidification kinetics, SEM-EDS to assess phase morphology and 

elemental distribution, and Vickers hardness testing to determine mechanical strength. 

Integrating these methods provides insights into how alloy composition and solidification 

behavior influence solder performance, supporting the development of reliable, 

environmentally friendly alternatives to traditional lead-based solders. 

2 Experimental Methods 

Four types of solder materials were selected for this study: conventional Sn-Pb solder wire 

(Sn60–Pb40), Sn-Pb solder paste, a gold-modified lead-free alloy, 88.6Sn–9.5Ag–1.8Cu–

0.1Au (SAC-Au), and a commercial lead-free solder alloy 95.5Sn–3.8Ag–0.7Cu (SAC). 

Each solder was prepared in solid form and cast into flat specimens using a stainless-steel 

mold to facilitate uniform testing and surface analysis. All samples were subsequently 

ground, polished, and cleaned for microstructural and mechanical evaluations.  

Thermal behavior was analyzed using two complementary methods. First, cooling curve 

analysis was performed by embedding K-type thermocouples within each sample during 

solidification. The temperature was recorded in real-time using a data logger, and the cooling 

rate (dT/dt) was calculated to evaluate thermal gradients and phase transitions in accordance 

with Teoh et al (2020) [5]. Second, Differential Scanning Calorimetry (DSC) was used to 

determine the melting point, onset and endset temperatures, peak temperature, and enthalpy 

of fusion. Approximately 10 mg of each solder was placed in an aluminum crucible and tested 

under a nitrogen atmosphere with a heating rate of 10°C/min from 30°C to 300°C. 

Microstructures of the solder alloys were examined using both Optical Microscopy (OM) and 
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Scanning Electron Microscopy (SEM). The samples were etched with a dilute acid solution 

to reveal the dendritic and intermetallic phase structures under OM. For higher-resolution 

analysis, SEM observations were performed using a backscattered electron (BSE) detector at 

10 kV accelerating voltage. The distribution and morphology of the phases were documented. 

To confirm elemental composition and correlate microstructural features with alloy 

chemistry, Energy Dispersive X-ray Spectroscopy (EDS) was conducted in conjunction with 

SEM. The EDS analysis identified the presence and relative abundance of Sn, Ag, Cu, and 

trace Au where applicable. 

The mechanical strength of the solder samples was evaluated using Vickers 

microhardness testing. A load of 100 gf was applied for 10 seconds on polished cross-sections 

using a microhardness tester. Five indentations were made per sample, and the average 

hardness was calculated in Vickers Hardness (HV). The results were used to assess the 

correlation between microstructural refinement, elemental composition, and hardness. 

3 Result 

Figure 1 displays the temperature profile (solid lines) and the corresponding temperature 

gradient (dashed lines) as a function of time. Variations in cooling behavior reflect the 

influence of alloy composition on thermal response and phase transition dynamics during 

solidification. 

 

Fig. 1. Cooling curves and temperature change rate (dT/dt) of different solder materials during the 

solidification process. (a) Sn-Pb solder wire; (b) Sn-Pb solder paste; (c) Lead-free solder alloy SAC-

Au; (d) Lead-free solder alloy SAC. 

The thermal cooling profiles and derivative temperature change (dT/dt) behavior of 

various solder materials including Sn-Pb wire, Sn-Pb paste, SAC-Au, and SAC reveal distinct 

characteristics that reflect their compositional differences and thermal properties during 

solidification. These thermal behaviors play a crucial role in determining microstructural 

evolution and ultimately the reliability of solder joints in electronic assemblies. 

The Sn-Pb solder wire and paste exhibit relatively smooth and gradual cooling curves, 

starting at approximately 320–340°C and steadily declining to near-ambient temperatures 

over the span of 1200 seconds. The cooling rate (dT/dt) for both materials shows a typical 

exponential decay, with the highest rate occurring in the early stages (around −1.0 °C/s for 

wire and up to −1.2 °C/s for paste), followed by a steady reduction as thermal equilibrium is 
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approached. The slightly faster cooling observed in the Sn-Pb paste may be attributed to its 

increased surface area and contact with the substrate, enhancing heat dissipation. This finding 

aligns with earlier studies indicating that paste formulations, due to their higher thermal 

diffusivity and wetting behavior, tend to undergo more rapid heat transfer compared to solid 

forms like wire [5]. 

In contrast, the lead-free solder alloys demonstrate more dynamic and complex thermal 

profiles. The SAC-Au alloy exhibits a higher initial processing temperature (~520°C), 

followed by pronounced thermal events between 200–500 seconds, as evidenced by sharp 

peaks in the dT/dt graph. These features indicate latent heat release and phase transformation 

processes, such as eutectic reactions and intermetallic formation, which are typical in 

multicomponent solder systems [6]. The presence of gold, although minor, can influence 

nucleation behavior and refine the resulting microstructure, possibly contributing to thermal 

anomalies during cooling [7]. 

Similarly, the SAC alloy starts cooling from around 480°C and displays distinct peaks in 

dT/dt, particularly around 250–350 seconds. These peaks correspond to phase transitions, 

including the formation of Ag3Sn and Cu6Sn5 intermetallics, which have been well 

documented in lead-free solder solidification studies [8]. Compared to SAC-Au, SAC 

displays slightly lower thermal energy and fewer fluctuations in the cooling rate, suggesting 

a more stable cooling regime, potentially benefiting joint consistency in mass production 

settings. 

When compared side-by-side, Sn-Pb solders exhibit a more predictable and uniform 

thermal gradient, which has historically made them favorable for applications requiring high 

reliability and ease of processing. However, due to environmental and regulatory concerns, 

such as RoHS compliance, lead-free solders like SAC and SAC-Au are increasingly adopted 

despite their higher melting points and more complex solidification behavior [1, 9]. The 

trade-off between process simplicity and environmental safety is reflected in the thermal 

behavior: lead-free solders, while environmentally friendly, require tighter process control 

due to their sensitivity to cooling rates and susceptibility to microstructural inhomogeneities. 

Overall, the thermal analysis presented in this study underscores the importance of 

understanding dT/dt behavior in evaluating solder joint quality. Faster cooling rates may 

enhance mechanical strength but also increase the risk of thermal stress and microcracking, 

especially in lead-free systems. Conversely, slower and more stable cooling, as observed in 

Sn-Pb solder, can lead to coarser microstructures but improved thermal reliability over time 

[10, 11]. 

The cooling curves closely align with the melting behavior identified in the DSC analysis, 

which reveals the alloys’ thermal transitions, enthalpy changes, and melting profiles based 

on their compositions and properties. The Sn-Pb solder wire (Figure 2.a) exhibits a sharp 

endothermic peak at 181.02°C, corresponding to its near-eutectic melting point. The onset 

and endset temperatures are observed at 179.71°C and 183.08°C, respectively, with an 

enthalpy of fusion of approximately −214.78 J. This sharp and narrow peak indicates a well-

defined melting point with minimal superheating, which is characteristic of eutectic 

compositions and contributes to stable reflow behavior [6]. The associated low thermal range 

also reduces the risk of thermal damage during soldering. 
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Fig. 2. DSC thermograms of four solder materials, (a) Sn-Pb solder wire; (b) Sn-Pb solder paste; (c) 

Lead-free solder alloy SAC-Au; (d) Lead-free solder alloy SAC. 

 

The Sn-Pb solder paste (Figure 2.b) reveals a similar thermal profile, with a primary peak 

at 182.83°C and an onset at 177.66°C. However, this sample also displays a secondary 

endothermic peak at 233.75°C, suggesting the presence of additional additives or flux 

residues that undergo thermal transitions at higher temperatures. The dual-peak behavior may 

also indicate partial oxidation or secondary phase formation, which is more common in solder 

pastes due to their complex formulation [12]. In contrast, the lead-free solder SnAgCu-Au 

(Figure 2.c) displays a broader melting range, with a peak at 216.17°C, onset at 213.38°C, 

and endset at 218.36°C. The fusion enthalpy is significantly higher (−340.53 mJ), and the 

melting peak is less sharp compared to Sn-Pb solder. The wider melting range reflects the 

non-eutectic nature of this multi-component alloy, and the higher melting point is typical of 

lead-free solders containing silver and copper [6]. The addition of a small amount of gold 

may appear to slightly alter the melting profile by promoting microstructural refinement 

during solidification, though its thermal impact is relatively minor. 

The SAC305 solder alloy (Figure 2.d), exhibits a peak at 217.64°C and an onset at 

214.97°C. Its thermal behavior closely resembles that of SAC-Au, with a fusion enthalpy of 

−288.53 mJ and a melting range from 213.21°C to 222.55°C. The sharper transition in SAC 

compared to SAC-Au suggests a slightly more homogeneous composition, leading to a more 

defined melting behavior. The narrow gap between onset and endset temperatures is 

favorable for reflow processing, as it ensures predictable wetting and solidification 

characteristics [13, 14]. 

Comparatively, Sn-Pb alloys display lower melting points and narrower melting ranges, 

contributing to their historical dominance in electronics manufacturing due to ease of 

processing and reduced thermal stress on components. However, the environmental concerns 

surrounding lead have led to the widespread adoption of SAC-based solders despite their 

higher processing temperatures and broader melting ranges [15]. The DSC results clearly 

(a) (b) 

(c) (d) 
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underscore these differences and support the need for precise thermal profiling during lead-

free solder application. 

The optical micrographs presented in Figure 3 reveal the microstructural differences 

among four solder materials: Sn-Pb solder wire, Sn-Pb solder paste, lead-free SAC-Au, and 

SAC. These differences are closely related to their chemical compositions, cooling rates, and 

solidification behaviors, all of which significantly influence the mechanical and thermal 

performance of solder joints. 

 

Fig. 3. Optical micrographs of the solder joint microstructures for four different solder materials after 

solidification. (a) Sn-Pb solder wire; (b) Sn-Pb solder paste; (c) lead-free solder alloy SAC-Au; (d) 

lead-free solder alloy SAC. 

The Sn-Pb solder wire and paste (Figure 3.a & b, respectively) exhibit a relatively coarse, 

equiaxed dendritic structure embedded in a darker eutectic Sn–Pb matrix. The grain 

boundaries are well-defined, with the paste structure appearing slightly more refined than the 

wire. This can be attributed to the faster heat dissipation typically associated with solder paste 

due to its intimate contact with the substrate and larger surface area during reflow. The 

observed microstructure is typical of near-eutectic Sn–Pb alloys, where β-Sn dendrites form 

first, followed by eutectic solidification of Sn and Pb in the inter-dendritic regions [9]. Such 

morphologies, though historically reliable, are now being phased out due to environmental 

regulations. 

On the other hand, the microstructures of the lead-free solders (bottom images) present 

markedly different morphologies. The SAC-Au alloy (Figure 3.c) reveals a dense network of 

needle-like or plate-like intermetallic compounds (IMCs), which are characteristic of Ag3Sn 

phases forming along the β-Sn grain boundaries. The fine distribution of these IMCs is a 

result of the rapid solidification and the multiple nucleation sites induced by trace gold 

content, which promotes grain refinement. Such refinement is advantageous for improving 

(a) (b) 

(c) (d) 
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the joint’s mechanical integrity, but the presence of sharp IMC phases may also increase 

brittleness under thermal or mechanical cycling [10, 11]. 

The microstructure of SAC (Figure 3.d) displays a more uniform distribution of 

intermetallics with a slightly coarser dendritic pattern compared to the SAC-Au variant. The 

radiating star-shaped Ag3Sn structures are clearly visible and more developed, reflecting a 

somewhat slower cooling rate and lower nucleation density. In addition to Ag3Sn, Cu6Sn5 

intermetallics are also expected to be present, although not distinctly visible in the optical 

image [12, 13]. Compared to SAC-Au-based alloys, SAC offers a balance between 

mechanical strength and process reliability, making it one of the most widely adopted lead-

free solders in industrial applications [1]. 

When comparing the lead-free alloys to their Sn-Pb counterparts, it is evident that the 

lead-free solders exhibit finer and more complex intermetallic morphologies. While Sn-Pb 

solders tend to form large eutectic regions and coarser dendrites that are easier to process, 

lead-free systems require tighter thermal control to avoid excessive IMC formation that could 

degrade joint toughness. The presence of silver and copper in lead-free alloys significantly 

modifies microstructural evolution, enhancing mechanical performance but requiring careful 

consideration in high-reliability applications. 

 
Fig. 4. SEM backscattered electron images of lead-free solder alloys after solidification.  

(a) SAC-Cu; (b) SAC.  

 

Scanning Electron Microscopy (SEM) analysis provides critical insight into the 

morphology and distribution of intermetallic compounds (IMCs) and the overall 

microstructure of solder alloys, which directly influence joint reliability and mechanical 

behavior. Figure 4 demonstrates the backscattered SEM images of the lead-free solder alloys 

at 200× magnification. 

The SEM image of the SAC-Cu solder (Figure 4.b) reveals a microstructure dominated 

by a β-Sn matrix interspersed with fine, elongated, and discontinuous IMCs. The bright 

contrast phases are likely Ag₃Sn and Cu₆Sn₅ compounds, distributed along the grain 

boundaries and within the interdendritic regions. The presence of 0.1 wt% Au appears to 

refine the grain structure, promoting a finer and more homogeneous dispersion of IMCs. 

Previous studies have indicated that trace additions of gold enhance wetting behavior and 

grain refinement by promoting heterogeneous nucleation during solidification. The relatively 

compact morphology observed may contribute to improved mechanical toughness and 

thermal fatigue resistance, particularly under cyclic loading conditions. 

In contrast, the microstructure of SAC (Figure 4.b) shows a coarser and more 

interconnected IMC network within the Sn matrix. The Ag₃Sn phases appear larger and more 

continuous compared to the SAC-Au sample, and the Cu₆Sn₅ phases are more prominently 

distributed. This coarser morphology is attributed to the slower solidification kinetics and 

(a) (b) 
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lack of gold-induced grain refinement, as SAC305 solidifies within a broader temperature 

range. The distribution of IMCs in SAC305 is more dendritic and concentrated at the grain 

boundaries, which may increase susceptibility to crack initiation under thermal cycling. 

However, the alloy remains one of the most widely adopted lead-free solder systems due to 

its good balance between processability and mechanical properties. 

Comparatively, the SAC-Au solder exhibits a more refined and evenly distributed IMC 

network, likely enhancing its performance in high-reliability applications such as aerospace 

or medical electronics. The improved microstructure can lead to higher shear strength and 

resistance to electromigration, as demonstrated in prior works on gold-modified SAC alloys. 

Meanwhile, SAC remains advantageous for general electronics packaging, although further 

modifications may be required to match the reliability offered by gold-containing variants. 

The microstructural observations from SEM imaging are strongly supported by the DSC 

data and cooling curve analysis, forming a consistent narrative regarding the thermal 

behavior and solidification characteristics of the studied lead-free solder alloys. The 88.6Sn–

9.5Ag–1.8Cu–0.1Au alloy, which exhibited a more refined and uniformly distributed IMC 

structure in the SEM analysis, also demonstrated a sharper and narrower endothermic peak 

in the DSC thermogram with a melting onset around 213.4°C. This indicates a relatively 

uniform and rapid solidification process, which aligns with the cooling curve behavior 

showing higher initial cooling rates and sharper thermal transitions. The presence of trace Au 

in this alloy appears to promote heterogeneous nucleation, resulting in finer microstructural 

features and more abrupt latent heat release during solidification, as seen in the dT/dt profile. 

In contrast, SAC displayed a broader melting range and slightly delayed solidification 

according to DSC and cooling curves, which corresponds with the coarser, more dendritic 

IMC morphology observed in SEM. The extended solidification interval in SAC leads to a 

slower thermal gradient and more time for IMC coarsening, contributing to the formation of 

larger Ag₃Sn and Cu₆Sn₅ phases. These correlations reinforce the understanding that thermal 

analysis through DSC and real-time cooling measurements can reliably predict the resulting 

microstructural evolution in solder joints, which in turn governs their mechanical 

performance and reliability under thermal or mechanical stress. 

The EDS spectra presented in Figure 5 provide elemental confirmation of the constituents 

in the lead-free solder alloys 88.6Sn–9.5Ag–1.8Cu–0.1Au (left) and SAC305 (right). Both 

spectra clearly display characteristic peaks corresponding to tin (Sn), silver (Ag), and copper 

(Cu), which are the primary elements forming the β-Sn matrix and intermetallic compounds 

(IMCs) within these alloys.  

 

Fig. 5. EDS spectra of lead-free solder alloys after solidification (a) SAC-Au; (bt) SAC. 

For the SAC-Au solder, the EDS spectrum reveals strong peaks for SnLa, AgLa, and 

CuLa, along with minor peaks associated with Au (not directly labeled, likely obscured due 

to low wt%) and oxygen from possible surface oxidation. The presence of pronounced Ag 

and Cu signals aligns with the formation of Ag₃Sn and Cu₆Sn₅ intermetallic compounds 

(a) (b) 
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observed in the SEM micrographs. The finely dispersed IMCs in the SEM image are 

supported by the high Ag and Cu content detected in the EDS spectrum. Moreover, the trace 

Au content, although difficult to detect at this scale, has been shown in literature to play a 

role in microstructural refinement and improved mechanical properties by promoting 

heterogeneous nucleation and reducing IMC coarsening 

In comparison, the EDS spectrum of SAC also displays dominant Sn peaks along with 

prominent Ag and Cu signals, consistent with its nominal composition. However, the relative 

intensity of Ag peaks is lower than in the SAC-Au alloy, reflecting its reduced silver content 

(3.8 wt% vs. 9.5 wt%). This lower Ag concentration results in larger and more continuous 

Ag₃Sn intermetallics, as seen in the SEM microstructure, contributing to a more dendritic and 

coarser morphology. The absence of Au in SAC also means no additional grain refinement 

effects are present, leading to less uniformity in the IMC distribution compared to the SAC-

Au sample. 

Together with SEM observations, the EDS results confirm the compositional basis for the 

microstructural differences between the two solder alloys. The higher Ag and trace Au 

content in the SAC-Au alloy leads to a refined and homogeneously distributed IMC structure, 

which enhances mechanical strength and fatigue resistance. Conversely, SAC shows coarser 

IMC networks due to its lower Ag content and absence of Au, which may affect its long-term 

reliability under thermal cycling [15]. These findings reinforce the importance of alloying 

elements not only in defining phase constituents but also in controlling solidification 

morphology and resulting performance. 

The Vickers hardness measurements presented in Figure 6 provide quantitative insight 

into the mechanical strength of various solder alloys. Among the four samples analyzed, the 

lead-free solders exhibit significantly higher hardness values than their Sn-Pb counterparts. 

The Sn-Pb wire shows an average Vickers hardness of 16.88 HV, while the Sn-Pb paste 

registers the lowest value at 13.12 HV. These lower hardness values are attributed to the 

eutectic nature of Sn-Pb solder, which generally forms a coarser microstructure with larger 

grain sizes and minimal intermetallic compound (IMC) dispersion, as confirmed in the SEM 

images. The softer matrix and reduced presence of strengthening IMCs contribute to its 

ductility but limit its resistance to mechanical deformation [9]. 

Both lead-free solders—SAC-Au and SAC—demonstrate markedly higher hardness 

values of 22.41 HV and 22.36 HV, respectively. These results correlate strongly with the 

SEM micrographs, which revealed finer and denser IMC distributions in both alloys. 

Particularly, SAC-Au benefits from a more refined microstructure due to the trace addition 

of gold, which enhances heterogeneous nucleation and inhibits grain growth, as supported by 

the EDS analysis showing stronger Ag signals and potentially more evenly distributed phases 

[15]. The slightly higher hardness of SAC-Au compared to SAC305 suggests that Au not 

only refines the structure but also contributes marginally to mechanical strengthening. 

 

Fig. 6. Vickers hardness values of four solder materials: Sn-Pb wire, Sn-Pb paste, SAC-Au, and SAC. 
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The elevated hardness in SAC can be attributed to its higher Ag and Cu content relative 

to Sn-Pb, forming strengthening intermetallics such as Ag₃Sn and Cu₆Sn₅. However, the 

absence of Au in SAC results in a coarser and more dendritic microstructure, as seen in SEM, 

which may slightly reduce its mechanical uniformity. Despite this, the hardness values of 

SAC-Au and SAC305 are statistically comparable, indicating both materials possess superior 

resistance to plastic deformation relative to Sn-Pb alloys. 

These findings collectively demonstrate a strong correlation between microstructure, 

elemental composition, and mechanical performance. The refined microstructure and IMC 

dispersion in lead-free solders, driven by their alloying chemistry, contribute to enhanced 

hardness and potentially greater joint reliability under mechanical loading and thermal 

fatigue [10, 11]. 

4 Conclusion 

This study confirms that SAC305 lead-free solder offers superior thermal and mechanical 

performance compared to conventional Sn-Pb alloys. SEM and EDS analyses revealed a 

coarser but consistent microstructure composed of Ag₃Sn and Cu₆Sn₅ intermetallics, formed 

due to the alloy’s composition and cooling behavior. DSC results and cooling curve analysis 

indicated a higher melting point (~217°C) and broader solidification range than Sn-Pb, 

requiring tighter process control during reflow. Vickers hardness testing demonstrated that 

SAC305 has significantly higher hardness (22.36 HV) than Sn-Pb solder (16.88 HV), 

supporting its improved mechanical integrity. Overall, SAC305 meets the demands for 

environmentally friendly electronics, though its thermal profile necessitates careful 

processing to ensure component safety and joint reliability. 
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