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Abstract 

 

Differential scanning calorimetry (DSC) technique was employed to understand the 

interfacial reactions during soldering by simulating the soldering process as well as 

analyzing the interfacial reactions. The measurement of peak temperatures and heat 

involved provides useful information about the interfacial reactions such as the amount of 

intermetallic compounds (IMC) formed and that of Cu dissolved. Sn-plated Cu balls with 

a different Sn thickness were used to investigate the solder volume effect. As the Sn layer 

thickness decreases, the amount of IMC formed during reflow increases in general. This 

suggests IMC formation depends on the Sn volume. In addition, a Ni layer (electroless 

and electroplated) introduced as a diffusion barrier between Cu and Sn was found 

effective in reducing Cu out diffusion. The results from the DSC study were confirmed 

by the conventional metallography and SEM/EDX techniques.  
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Introduction 

 

The solder joints play important roles in the electronic packages, serving both as 

electrical interconnections between components and a mechanical support of components. 

As electronic packages are continuing to get smaller in size and more integrated, fine-

pitch solder joints are required and therefore the reliabilities of the solder joints become 

more critical. One important factor influencing the solder joint reliability is the interfacial 

reaction between the molten solder and the substrate during soldering. For example, A 

copper pad on printed circuit board dissolves into molten solder and forms intermetallic 

compounds (IMC) during reflow joining. This would make a significant impact on solder 

joint properties, such as solder composition, microstructure, and mechanical properties.  

 

The formation and growth kinetics of the IMC in various solder joints have been 

investigated extensively [1-6]. Generally, in solid-state reactions, such as annealing at an 

elevated temperature, the IMC grows in a rather planar morphology and its growth rate 

follows Fick’s 1st law of diffusion [3,5,7]. In this situation, the driving force for IMC 

growth is only the concentration gradient of the diffusing element in the IMC layer and in 

the solder. On the other hand, the interfacial reactions during the soldering depend on 

several factors, such as solubility of a solute metal in a liquid solder, dissolution rate of a 

surface finish into a liquid solder, solder volume, surface finish layer thickness, and 

others [7-9]. The interpretation of the interfacial reactions during soldering is therefore 

more complicated. For example, the IMC growth kinetics cannot be described by a 

simple relationship between the IMC thickness and time.  
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It has been reported that there is an intermediate time period in the IMC growth between 

a molten solder and a substrate [7-9]. Kang and Ramachandran [8] found a reduced 

growth of the nickel-tin intermetallic layers at intermediate reaction times in the liquid 

tin-solid nickel system. Schaeffer et al. [9] have suggested the growth of interfacial 

intermetallic layers in the liquid Sn-Pb and solid copper system decreases at intermediate 

reaction times because the dissolution rate of IMC is balanced with its growth rate. In 

addition, Choi and Lee [7] also confirmed the presence of the intermediate period in the 

IMC growth by analyzing copper composition in the reacted solder. These studies 

indicate that the IMC growth is closely related to the dissolution phenomena, which 

would change the composition and microstructure of solder joints.  

 

Under the condition of the same reflow temperature and time, the dissolution may be 

affected by a solder joint size, such as solder volume, thickness of surface finish layers 

and pad size [9-10]. A solder joint size must be different depending on its applications, 

such as, ball grid array (BGA), chip-scale package (CSP), and flip chip. The different 

solder joint size changes the amount of diffusing atoms and so IMC growth kinetics. The 

dependence of the dissolution on the solder volume has been reported previously [9-11]. 

However, it was not easy to explain clearly the relationship between the solder volume 

and IMC growth kinetics. 

 

To control the dissolution of a surface finish layer, a diffusion barrier layer such as Ni is 

introduced. Depending on the kind of plating methods, electroless or electrolytic, the Ni 

layer yields the different interfacial reactions [12]. Therefore, the comparison study of the 

interfacial reactions between the electroless and electroplated Ni layers is also performed. 
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The interfacial reactions have been studied by employing various experimental 

techniques to directly measure IMC thickness, solder composition, dissolution of a base 

metal and others. Kang et al. [13] successfully employed Differential Scanning 

Calorimetry (DSC) technique to investigate the interfacial reaction kinetics during 

soldering as well as in solid-state aging. By extending the DSC method, it can also 

measure the interfacial reactions in the samples that are too difficult to be investigated by 

other methods. For example, the amount of dissolved solutes into a solder is often too 

small to be detected by EDX or WDX. However, the compositional change of a molten 

solder can be measured by DSC with the liquidus temperature of the solder. In addition, 

the thickness of the IMCs formed in a solder joint could be estimated from the heat 

generated during the melting of the IMC [13].  

 

Experimental procedure 

 

In this study, DSC technique was utilized to simulate a soldering process and to analyze 

the interfacial reactions. The peak temperatures and heat involved were measured to 

obtain the information about the amount of IMC formed and that of Cu dissolved. Sn-

plated Cu balls with a different Sn thickness were used to investigate the solder volume 

effect. In addition, a Ni barrier layer (electroless or electrolytic) was introduced between 

Cu and Sn to investigate its role in suppression of the dissolution of Cu into molten Sn. 

Metallography was combined with SEM/EDX to verify the DSC results.  

 

Cu balls (889 µm diameter) were plated with Sn and/or Ni using an equipment described 
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elsewhere [14]. Sn plating was performed in a Lea Ronal Sn plating solution with a 

current density of approximately 87 mA/cm2 for various times depending on a target Sn 

thickness. The Sn solder volume was estimated from the plated Sn layer thickness and the 

surface area of a Cu ball (2.48×106 µm2). For three Sn thicknesses chosen (40, 10, and 5 

µm), the volume ratio is calculated as 8.6:2.0:1.0 and the volume to area ratios are 0.175, 

0.0403, and 0.0204 cm, respectively. A Ni barrier layer was deposited between the Cu 

ball and Sn layer by either electrolytic or electroless process. Electrolytic Ni plating was 

performed in a nickel sulfamate solution with 5.3 A/dm2. All electroless Ni layers have 

approximately 8wt% P content. The Ni thickness was chosen to be 1 and 2 µm. 

 

The DSC unit used is a thermal analysis system, DSC220, from Seiko Instruments, Inc. A 

sealed aluminum pan is used to hold Sn-coated Cu balls of 40 to 45 mg. Figure 1 

represents a typical heating schedule used in the DSC study. Fig. 1a is to examine the 

effects of the solder volume on interfacial reactions by measuring the amount of IMC 

formed. A sample kept at 250 oC for a different times from 10 to 40 min followed by 

heating up to 450 oC to pass the melting temperature of the IMC, η-Cu6Sn5, 415 oC. The 

heat generated during melting of the IMC is measured to calculate IMC thickness [13]. In 

order to evaluate the effects of a Ni barrier layer on the interfacial reactions, the melting 

point of Sn was measured during the second heating after the reflow for 10 to 60 min as 

shown in Fig 1b. To reduce the additional interface reactions, a fast cooling was provided 

after the reflow. A change in the melting point of Sn layer is related to the amount of Ni 

and Cu dissolved into the molten Sn solder.  

 

During all DSC experiments, choosing optimum heating and cooling rates is important. 
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For example, slow heating may cause undesirable dissolution and fast heating can yield 

incomplete melting of IMC. From several preliminary experiments, an optimum heating 

rate was such as 20 oC/min for the peak temperature measurement of Sn in Fig. 1b, and 

10 oC/min to detect the heat generated, in Fig 1a.  

 

 

Results  

 

Figure 2 shows a typical DSC scan from room temperature to 450oC with Sn-coated Cu 

balls having 40 µm Sn. A small exothermic peak at 250 oC is due to the time delay in 

plotting for a reflow time. During heating, two endothermic peaks were observed; one at 

about 229 oC and another at around 409 oC. The peak at 229 oC is associated with the 

melting of Sn layer and the peak at 409 oC from melting of the η-Cu6Sn5 phase, which 

was formed during the reflow at 250 oC. Thus the total amount of the η-Cu6Sn5 formed 

during reflow can be estimated from this peak. The peak size of the η-Cu6Sn5 phase is 

very small compared to the Sn peak because its relative volume is much less than the Sn 

layer. The method to calculate the thickness of the η-Cu6Sn5 phase has been reported by 

Kang et al. [13]. The following equations including an enthalpy of fusion of the η-Cu6Sn5 

phase are used; 

 

η-Cu6Sn5(wt) = Vol(η-Cu6Sn5) × ρ(η-Cu6Sn5) × total number of Cu balls    (1) 

η-Cu6Sn5(wt) = (ρ(η-Cu6Sn5) / ρ(Cu))( Vol(η-Cu6Sn5) / Vol(Cu ball))       (2) 

 

The weight fraction of η-Cu6Sn5 phase formed at the interface between a Cu ball and a 
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Sn layer is calculated by dividing the measured heat of fusion during melting of the η-

Cu6Sn5 phase by the enthalpy of fusion of η-Cu6Sn5 phase, 86.4 J/g [13]. The density of 

the η-Cu6Sn5, ρ(η-Cu6Sn5), is 8.28 g/cm3 [15,16] and the density of Cu, ρ(Cu), 8.96 

g/cm3 [15, 17]. The diameter of Cu ball is 889 µm. By solving eq. 1 and 2, the amount of 

IMC formed could be estimated.  

 

Table I lists the calculated thickness of the η-Cu6Sn5 as a function of the reflow time for 

the 40 µm Sn layer (Cu/Sn(40)). As the reflow time becomes longer, the amount of heat 

measured during the η-Cu6Sn5 melting increases, indicating an increase in the calculated 

thickness. The calculated thickness is compared with the η-Cu6Sn5 thickness measured 

from the cross-sectioned samples reflowed for 10 and 20 min in Fig. 3. These samples 

were prepared just after the first heating schedule without an additional heating. The IMC 

morphology looks like an irregular scallop type. The thickness range of IMCs was 

measured from each cross-section and compared to those measured from DSC, in Table I. 

A reasonable agreement between the calculated and measured thicknesses was obtained, 

demonstrating that the DSC technique is very useful to study the interfacial reaction in a 

simulated condition. Above all, it can measure the total amount of IMCs formed in a 

solder joint including the IMCs dispersed in the solder matrix as well as the interfacial 

IMC.  

 

The IMC thicknesses for the samples having 10 µm Sn layer (Cu/Sn(10)) are listed in 

Table II. After 20 min reflow, the second IMC, ε-Cu3Sn phase, was observed. The 

apparent IMC thickness measured from cross-section therefore includes the total 

thickness of both η-Cu6Sn5 and ε-Cu3Sn. Thus the thickness of η-Cu6Sn5 phase was only 
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compared with the calculated IMC thickness by DSC, while the total IMC thickness was 

also listed in Table II and III. The calculated thickness from DSC is a somewhat higher 

than the measured because it may include the η-Cu6Sn5 phase formed in the solder matrix. 

However, the general trends of both the calculated and measured thickness with the 

reflow time are similar to each other.  

 

The thickness of the η-Cu6Sn5 phase calculated for the 5 µm Sn layer (Cu/Sn(5)) is listed 

in Table III. The IMC thickness for the 5 µm Sn layer was much less than those for 10 

µm Sn and 40 µm Sn listed in Table I and II. Figure 4 presents a SEM micrograph 

(secondary electron image) of the cross-section from the 5 µm sample for 40 min reflow. 

The IMC morphology looks less irregular, more planar or a layer shape, with an apparent 

thickness of 3.5 ~ 4 µm. An energy Dispersive X-ray (EDX) analysis has been performed 

to confirm the identity of the IMC phases formed at the interface. Figure 5 exhibits the 

EDX spectra for the 5 µm Sn (Fig. 5a) and 40 µm Sn (Fig. 5b). For the 5 µm Sn sample, 

the ε-Cu3Sn phase is a majority over the η-Cu6Sn5. This explains why the calculated IMC 

(η-Cu6Sn5) is so small for the 5 µm Sn compared to others. 

 

Figure 6 shows the peak temperature variation with reflow time for 40 µm Sn sample. As 

a reference, the melting temperature of pure Sn was measured at 233.5 oC, which is a 

little higher than 232 oC, the reported value [18]. In Cu/Sn(40), the peak temperature is 

lowered to 227 oC in 20 min. This temperature is similar to the eutectic temperature of 

Sn-0.7Cu. At the “0” time, the temperature observed is lower than the pure Sn peak, 

implying some Cu atoms diffused already into the solid Sn layer during the heating 

period.  
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Figure 7 shows the peak temperature variations with the reflow time for Sn-Ni-coated Cu 

balls. The Ni layer is either electro- or electroless deposited. All samples tested have a 40 

µm Sn layer on a Cu ball. In the label, “EN4” represent a 4 µm electroless Ni-P and 

“ED2” a 2 µm electroplated Ni layer. As the reflow time increases from 10 to 60 min, the 

peak temperature goes down in all samples except for “ED1”. When an electroless Ni-P 

layer is introduced between the Sn layer and Cu ball, the peak temperature is generally 

reduced as the reflow time increases. However, for the 4 µm Ni layer (EN4), the 

temperature does not change in 20 min and only decreases slightly after 20 min. In the 

samples with 2 µm Ni (EN2), the temperature is reduced in 20 min and not much 

changed thereafter. In the samples with 1 µm Ni (both EN1 and ED1), it decreases 

abruptly in 10 min and then slowly approaches to 228 oC.  

 

 

Discussions 

 

Effects of the Solder Volume on Interfacial Reactions 

 

The interfacial reaction during reflow takes place through the mass transport phenomena. 

The Cu diffuses into molten solder by means of the chemical potential gradient between 

solder and substrate. Hence, the volume of solder and thickness of a surface finish layer, 

have a significant bearing on the interfacial reaction. To demonstrate the solder volume 

effects on interfacial reactions, the IMC thickness estimated from the DSC study was 

plotted in Fig. 8 for Cu/Sn(40) and Cu/Sn(10). Only after 10 min, the IMC in Cu/Sn(10) 
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grows three times thicker than that in Cu/Sn(40). This difference in the IMC growth rate 

can be explained by the dissolution of Cu into the molten Sn during the reflow. It takes 

much shorter time for the Sn solder to be saturated with the dissolved Cu in Cu/Sn(10) 

than in Cu/Sn(40). The saturated solder with Cu can provide a higher flux of Cu atoms to 

be incorporated in the IMC growth at the interface. In addition, the saturated solder 

would not dissolve away the IMC at the interface, while the undersaturated solder would 

dissolve the IMC itself. Thus the IMC in Cu/Sn(10) could grow more than that in 

Cu/Sn(40).  

 

The effects of solder volume or joint size on the interfacial reactions have been one of the 

interesting topics so far [9, 10, 20, 21]. Among those, Schaefer et al [9] reported that the 

ratio (V/A) of solder volume to contacted area controlled on the dissolution phenomena. 

They explained that it was caused by a longer diffusion distance for Cu to saturate the 

molten solder with an increase in the value of V/A. This explanation could be applied for 

the present study. The volume of 40 µm Sn layer is 4.35 times larger than 10 µm Sn. 

Since the interfacial area between the molten solder and Cu ball in both cases is same, 

(V/A)40µm is 4.35 times larger than (V/A)10µm. It means that the distance for Cu diffusion 

in Cu/Sn(40) is 4.35 times longer than in Cu/Sn(10), and so the corresponding interfacial 

reactions would behave differently.  

  

The formation of the second IMC phase, ε-Cu3Sn, may alter the η-Cu6Sn5 growth 

kinetics, as confirmed in Fig. 5. The Cu3Sn grows by consuming the η-Cu6Sn5 phase 

layer in Cu/Sn(10) after 20 min, which it was observed in Cu/Sn(40) only after 40 min. 

This indicates that the formation and growth of the ε-Cu3Sn phase are also dependent on 
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the solder volume. The calculated IMC thickness in Cu/Sn(5) is very small in Table III, 

even though the Sn layer can be saturated much quickly. In this case, the formation of ε-

Cu3Sn may be triggered earlier than other cases because the saturated solder may provide 

a very high flux of Cu atoms. Thus the remaining η-Cu6Sn5 phase is much smaller in 

quantity and further reduced gradually as the reflow time increases. Since the ε-Cu3Sn 

grows by consuming the η-Cu6Sn5 layer formed first [22], the decrease in the η-Cu6Sn5 

thickness in Cu/Sn(10) after 20 min in Figure 8 may attributed to the formation of ε-

Cu3Sn.  

 

In Fig. 6, the Sn peak temperature of the 40 µm Sn decreases to its minimum, ~227 oC, 

close to the Sn-0.7Cu eutectic temperature. After 20 min, the Sn peak temperature is 

steadily increases. This is explained by the higher Cu solubility at 250 oC than at 227 oC, 

which requires more Cu atoms to dissolve into the molten Sn at 250 oC. 

 

Effect of Ni Barrier Layers on Cu Diffusion 

 

As soon as a solder melts on the substrate during reflow, the substrate tends to dissolve 

into the molten solder and the IMC forms at the same time. In general, the reaction rate of 

the IMC formation is too fast to be a rate controlling-step in the IMC growth equation 

[23]. When a Ni layer is used as a diffusion barrier on the substrate Cu, it is the Ni layer 

to react first with the molten solder. Depending on the type of a Ni layer, such as, 

electroless or electroplated, the interfacial reactions would be different. Kang et al [12] 

reported that the dissolution of an electroless Ni-P layer was faster than that of an 

electrolytic Ni layer, and their IMC growth kinetics were also different. In another study, 
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the effect of an electroplated Ni thickness on interfacial reactions was reported [21], 

where the cross-sectioned joints were analyzed by EPMA technique to detect a small 

difference in composition of the solder, but without much success. In this study, by 

detecting the change in its melting point of a molten solder by DSC, it was possible to 

investigate the diffusion of a solute into a molten solder or through a Ni diffusion barrier 

layer. This study has also provided the information on the Ni thickness, which can 

effectively reduce the Cu out diffusion. For 1 µm Ni thickness, Cu diffusion as well as Ni 

dissolution into a molten solder happens in a short time. Thus the peak temperature goes 

down near to the Sn-Cu eutectic temperature, 227 oC. It is also confirmed by EDX 

analysis that the IMC formed at the interface has a Sn-Cu-Ni ternary composition, 

indicating Cu atoms diffused through the Ni layer and dissolved into the molten solder. 

When a Ni layer is thicker than 2 µm, Ni dissolves first into a molten solder and the Sn-

Ni IMC forms before Cu diffuses though the Ni layer. Thus the peak temperature does 

not change much compared to 1 µm Ni layer. And the IMC remains as Ni3Sn4. However, 

as the reflow time increases to 60 min, Cu diffuses through the Ni layer and transforms 

the Ni-Sn IMC into a ternary Sn-Ni-Cu IMC as shown in Figure 9. The Ni-Sn IMC 

changes into the Cu-Sn-Ni ternary phase after 60 min in Cu/Ni(EL2)/Sn, while the IMC 

in Cu/Ni(EL1)/Sn is already the Cu-Sn-Ni ternary phase after 20 min. It suggests that the 

Cu could diffuse through 1 µm Ni layer in 20 min, while it could not diffuse through 2 

µm Ni (electroless) in 20 min. Thus it is recommended that a Ni layer thickness should be 

at least 2 µm in order to reduce Cu atoms diffusing into the molten solder for 20 min at 

250 oC.  
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Difference between Electroless and Electroplated Ni Barrier Layers  

 

In Fig. 7, for 1 µm Ni layer, the melting temperature of Sn in both electroplated and 

electroless Ni layer is reduced at a similar rate. However, in 2 µm Ni, the melting point of 

Sn is reduced more quickly in the electroless Ni-P layer. Especially, the change of Sn 

peak in 2 µm electroplated Ni is less than 4 µm electroless Ni-P in 20 min. This means 

that the Ni dissolution is easier from the electroless Ni-P layer than from the electroplated 

Ni. In fact, this result is consistent with the observation that the dissolution rate of Ni is 

faster with electroless Ni-P than electroplated Ni [12]. It may be due to the difference in 

the microstructure of Ni layer. It has been found an electroless Ni-P layer composed of 

fine grains [24] and an electroplated Ni having columnar structures or larger grains [19]. 

The microstructure composed of finer grains has a larger grain boundary area, thus more 

defects in the layer. The dissolution of Ni from an electroless Ni-P layer can therefore 

happen easily during the reflow. This may explain why the change of the Sn peak 

happens more quickly in the electroless Ni-P in 20 min than the electroplated Ni. 

Accordingly, an electroplated Ni layer is regarded to be more effective than an electroless 

Ni-P in terms of a diffusion barrier during soldering.   

 

 

Conclusions 

 

1. The differential scanning calorimetry (DSC) technique has been successfully employed 

to understand the interfacial reactions during soldering. This method enables to measure 

the amount of IMC formed, the amount of solute atoms dissolved into a solder and the 
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effectiveness of a diffusion barrier layer. 

2. By measuring the amount of IMC formed during reflow using DSC technique, it is 

demonstrated that the interfacial reactions depend on the solder volume of a joint, 

influenced by the dissolution phenomena. The IMC growth rate is much larger in 10 µm 

Sn on a Cu ball than in 40 µm Sn. However, the amount of η-Cu6Sn5 in 5 µm Sn is much 

smaller than in other samples. This is due to the formation of the second IMC, ε-Cu3Sn in 

the smaller volume of the Sn layer.  

3. The effectiveness of a Ni layer as a diffusion barrier between solid Cu and molten Sn is 

evaluated by measuring the change in the melting temperature of Sn. The melting 

temperature reduction is observed as a reflow time increases due to the dissolution of Ni 

or Cu. It is found that a Ni layer thickness should be at least 2 µm to effectively reduce 

the off diffusion of Cu. An electroplated Ni is found to be more effective than an 

electrolytic Ni. 
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Table I. Calculated and Measured Thickness of ηη-Cu6Sn5  

as a Function of Reflow Time for 40 µµm Sn 

Reflow 

Time 

(min) 

Peak 

Temperature 

(oC) 

Heat 

(mJ/g) 

IMC Thickness  

from DSC 

(µµm) 

IMC Thickness  

by Cross-section 

(µµm) 

10 409.1 1697.5 3.1 1.6-9 

20 408.9 1720.8 3.2 3-8 

30 408.8 1865.4 3.5 - 

40 408.4 2315.6 4.3 - 
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Table II. Calculated and Measured Thickness of ηη-Cu6Sn5  

as a Function of Reflow Time for 10 µµm Sn 

Reflow 

Time 

(min) 

Peak 

Temperature 

(oC) 

Heat 

(mJ/g) 

IMC Thickness  

from DSC 

(µµm) 

IMC Thickness  

by Cross-section 

(µµm) 

10 408.4 5206.0 9.6 1.6-8.2 

20 408.3 7243.8 13.4 2.2-10.6 

30 408.4 6848.6 12.6 2.3-10.4 (total 4-12) 

40 408.8 6223.7 11.5 2-10 (total 4-12) 
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Table III. Calculated and Measured Thickness of ηη-Cu6Sn5  

as a Function of Reflow Time for 5 µµm Sn 

Reflow 

Time 

(min) 

Peak 

Temperature 

(oC) 

Heat 

(mJ/g) 

IMC Thickness  

from DSC 

(µµm) 

IMC Thickness  

by Cross-section 

(µµm) 

10 405.9 303.7 0.56 2.4 ( total 3.4) 

20 405.6 487.1 0.90 1.8 (total 3.8) 

30 405.8 464.8 0.86 1.0 (total 4.2) 

40 405.8 500.5 0.93 1.2 (total 4.4) 
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Figure Captions 
 
 
Figure 1 Thermal profiles employed in DSC experiments ; (a) for solder volume 
effects and (b) of Ni diffusion barrier layers. 
 
Figure 2 A typical DSC scan from room temperature to 450oC with a sample of 40 
µµm Sn. 
 

Figure 3 Optical micrographs of the cross-sectioned samples having 40 µµm Sn layer 
with the reflow time ; (a) 10 min, and (b) 20 min  
 

Figure 4 SEM micrograph of a cross-sectioned sample having 5 µµm Sn layer for 40 
min reflow. 
 

Figure 5 Energy Dispersive X-ray spectra from the cross-sectioned samples ; (a) 5 
µµm, and (b) 40 µµm Sn. 
 

Figure 6 The variation of melting temperatures in Cu/Sn(40) balls as a function of 
reflow time. 
 
Figure 7 The variation of melting temperatures in Cu/Sn balls with an electrolytic 
Ni and electroless Ni-P layers as a function of reflow time and Ni layer thickness. 
 

Figure 8 The thickness of the ηη-Cu6Sn5 phase formed at 250 oC as a function of 
reflow time in Cu/Sn(10) and Cu/Sn(40). 
 

Figure 9 EDS spectra of IMCs in Cu/Ni(ED1)/Sn after (a) 20 min and (b) 60 min, 
and IMCs in Cu/Ni(ED2)/Sn after (c) 20 min, and (d) 60 min. 
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Tables 
 
 

Table I. Calculated and Measured Thickness of ηη-Cu6Sn5 as a Function of Reflow 
Time for 40 µµm Sn 
 
 
Table II. Calculated and Measured Thickness of ηη-Cu6Sn5 as a Function of Reflow 
Time for 10 µµm Sn 
 
 
Table III. Calculated and Measured Thickness of ηη-Cu6Sn5 as a Function of Reflow 
Time for 5 µµm Sn 
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Figure 1 Thermal profiles employed in DSC experiments ; (a) for solder volume 
effects and (b) for of Ni diffusion barrier layers. 
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Figure 2 A typical DSC scan from room temperature to 450oC with a sample of 40 

µµm Sn. 

Sn 
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Figure 3 Optical micrographs of the cross-sectioned samples having 40 µµm Sn layer 
with the reflow time ; (a) 10 min, and (b) 20 min  
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Figure 4 SEM micrograph of a cross-sectioned sample having 5 µµm Sn layer for 40 
min reflow. 
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Figure 5 Energy Dispersive X-ray spectra from the cross-sectioned samples ; (a) 5 

µµm, and (b) 40 µµm Sn. 
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Figure 6 The variation of melting temperatures in Cu/Sn(40) balls as a function of 
reflow time.
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Figure 7 The Variation of melting temperatures in Cu/Sn balls with an electrolytic 
Ni and electroless Ni-P layers as a function of reflow time and Ni layer thickness. 
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Figure 8 The thickness of the ηη-Cu6Sn5 phase formed at 250 oC as a function of 
reflow time in Cu/Sn(10) and Cu/Sn(40). 
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Figure 9 EDS spectra of IMCs in Cu/Ni(ED1)/Sn after (a) 20 min and (b) 60 min, 
and in Cu/Ni(ED2)/Sn after (c) 20 min, and (d) 60 min. 
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