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Dye pry test of  solder joint in microelectronics at bordering reflow time 
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This study aims to investigate the formation of intermetallic in the solder joint for microelectronics ;in failure analysis we consider that good intermetallic formation depends on amount of factors of the soldering process. In technology (SMT Surface Mount Technology) which will be the focus of the analysis, the alloy solder paste and  reflow process play the key role of this process, but the industry has not tools for measuring, on the other hand, there is not a specification to which we could say what is best condition of intermetallic considering its thickness and shape. In this work we intended to make our analysis based on the influence of temperature profile on its bordering [1],and proceed with analysis with and without stress and evaluate if there is trend to fail with one or another profile process, we will use the solder paste ternary SAC alloy (Sn-tin, Ag-Silver and Cu-Copper), and micro component placed on the board of FR4 material for mobile phone.
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INTRODUCTION
On SMD process we work with many raw material to compound the assembled board, in our particular study we used a FR4 board plated with OSP (Organic Solderability Preservative )  and selected the micro BGA component named as  FBGA  that is a  MultiChip Package Memory which combines 512Mbit MuxNOR Flash Memory and  256Mbit MuxUtRAM2, we setup  two temperature profiles on the BTU oven VIP98 with seven zones  to soldering this components in order to compare the intermetallic formation between solder ball of micro BGA and pad of OSP board plated.Investigations have revealed that the solder joint lifetime decrease with the IMC layer thickness increasing, and the IMC thickness strongly depends on reflow time and temperature during soldering [3-7].
Before to make analysis after mechanical stress on BGA we did analysis after assembled component process by SEM ( Scanning Electron Microscope )  to confirm what was verified for [8]  it was verified that the thick and irregular IMC  reduced the mechanical robustness. 
MATERIALS AND METHODS

Surface-mount technology (SMT) is a method for constructing electronic circuits in which the components are mounted directly onto the surface of printed circuit boards (PCBs). An electronic device so made is called a surface-mount device (SMD). In the industry it has largely replaced the through-hole technology construction method of fitting components with wire leads into holes in the circuit board. Both technologies can be used on the same board for components not suited to surface mounting such as transformers and heat-sinked power semiconductors [8]. We mounted eight  samples through a real SMD process starting on printing then placement and reflow process, to develop the oven profiles we stick a K-type  thermocouple under micro BGA; We made a hole with a drill under component substrate and used an epoxy and hot air to cure the epoxy and fix the thermocouple. Four samples reflowed by convection oven with Profile_lower_limit see Fig.1 and four samples reflowed with Profile_upper_limit see Fig.2  and identified on each PCB ( Printed Circuit Board ) .
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       Fig. 1– Profile Lower  Limit (BTU VIP98 Oven ) realized with Datapaq logger
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       Fig. 2 - Profile Upper Limit (BTU VIP98 Oven) realized with Datapaq logger
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After assembled process we proceed with samples preparation, actually we used to methods of analysis: 1: Cross Section Analysis without stress and 2: Dye Pry analysis with mechanical stress.For cross- sectional study of the solder joint under the scanning electron microscope (SEM), the specimens were first  cold mounted with epoxy, then grinded and polished. The epoxy was poured into the molding cup and cured for 24 hours  [9]. The hardened mold was then grinded using silicon carbide (SiC) paper of grits  80 to remove FR4 material . When the specimen was grinded close the solder ball, SiC of grits 220,400,1000 and 2500 were used to grind the material until the cross- section of solder balls were visible[9]. Next, the  sectioned areas were polished with polycrystalline diamond suspensions of 6,3 and 1 microns  on  MD(Magnetic Disc ) Fuga, Dur and Nap velvet respectively. See on Fig.3 and Fig.4 the SEM image of intermetallic  related to the soldering profiles.
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Fig.3 Lower limit Profile Intermetallic

Fig.4  Upper Limit Profile Intermetallic
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The Dye Pry analysis consist of immersion the sample in low viscosity liquid dye which penetrates any cracks, delaminated areas, or open voids. The sample can then be pulled out and examined for the presence of dye in the solder joints or at material interfaces [1]. In our samples we did the dye pry after pass the samples through the Board Level Drop Tester with 1 meter height, and were done 10 drops see Fig.5 for each sample: Lower Limit Profile and Upper Limit Profile samples. See Fig.6 and Fig.7 as follow:
Fig.5 Board Level Drop Tester (left) and Instron machine(right) to pull out the component.
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Fig.6 Dye Pry: Lower Limit Profile                     Fig.7 Dye Pry: Upper Limit Profile 
RESULTS AND DISCUSSION
We did analysis for two different profiles just after soldering process, at the beginning without mechanical stress and we verified if we had or had not fails before the mechanical tests. As we can see at fig.3 and fig.4 we have the intermetallic formation shown us different shape formation. The Fig.3  is the image for the lower limit profile sample and the soldering process time used were based on table 1 below: 
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Table 1

We didn’t find any fatal fail as crack , fracture or displacement, but we found some small voids. The shape formation is somehow smoothly and with thickness about 2.77 µm in average see Fig.8. 
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Fig.8 Intermetallic measurement for Lower Limit Profile
The Fig.4  is the image for the upper limit profile sample and the soldering process time used were based on table 2 below:
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Table 2
We didn’t find also any fatal fail as crack , fracture or displacement, but we found some small voids. The shape formation is not  smoothly and with thickness about 3.97 µm in average see Fig.9. 
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Fig.9 Intermetallic measurement for Upper Limit Profile
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We did more two samples analysis , now after board level mechanical drop tester  was applied the dye pry analysis as we can see on Fig.6 and Fig.7. After component removal, the solder ball connections have broken, few of the balls separated from the pad on the component side (Type 2) and from the pad on the PCB side (Type 3).Most copper pads were removed together with solder balls(Type 4) see Fig.10 below:
 Fig.10 Disbond Site for Dye Pry Classification
Anyway, we didn’t find any area with liquid penetration even partial or total area of  the balls. See some image details of balls  after component removal Fig 11.
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                  Fig.11 Images of  BGA balls after pull out component of PCB
CONCLUSION 
The IMC layer thickness is controlled by reflow time and temperature. For same solder paste material, the IMC layer thickness is a linear function of reflow time and parabolic function of reflow temperature[2]. We identified this layer thickness increase at Upper limit profile sample thus it match  with  the above results based on test data reported in existing publications .At the beginning were analyzed BGAs with their respectively profiles to identify possible process fails in the intermetallic area to confirm what was verified for [10] It was verified that the thick and irregular IMC  reduced the mechanical robustness. but as before discussed we didn’t find any fatal fails even before and after mechanical stress. We found some voids but not bigger then 5% of the ball area, thus within the best class 3 [1]. According the study is more realiable to work at Lower limit profile than Upper Limit profile related to the time of reflow where we identified a better intermetallic shape and thickness.
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