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ABSTRACT 

Electronics manufacturers are searching for new lead-free solders that can improve upon SAC305 voiding performance and 

that exceed the current thermal cycle performance of this solder in harsh environments, all the while being processed at or 

near current typical SAC305 peak temperatures. 

 

This paper compares -40ºC to 125ºC, thermal cycle test (TCT) results of boards built with SAC305 and a new 

SAC347+Bi/Sb/Ni/Co solder paste, which were assembled to intentionally contain three levels of voiding, ranging from 0% 

to 0.5%, 5% to 20% and higher than 20%, in order to not only observe variation in TCT performance but find any correlation 

between voiding levels of up to 30% and the corresponding thermal cycle reliability of the solder joint.  

 

INTRODUCTION 

The majority of the electronics industry has widely accepted the SAC305 (96.5Sn-3.0Ag-0.5Cu) alloy, not only due to 

processing temperature (i.e. 221ºC liquidus point), but also for SAC305’s capability to provide similar or better thermal cycle 

test (TCT)reliability results than SnPb solders, within TCT temperature ranges of up to 85ºC.  This is the defacto benchmark 

method used to determine the theoretical maximum temperature of products that are considered low to mid-level reliability 

(i.e. mobile phone products, appliance products, general consumer electronics, etc…).  

 

However, there are various electronics environments where SnPb solders may continue to outperform SAC305, specifically 

in elevated operation temperature settings like those found in under-the- hood automotive applications.  Such applications are 

usually thermal cycle tested up to 125ºC (or even up to 150ºC). 

 

In view of the increasing requirements related to critical to function applications, such as those found in the automobile, 

medical or infrastructure industries, new lead-free solders are being developed in order to meet the higher temperature cycle 

environments. 

 

This study compares harsh environment (i.e. -40ºC/125ºC) thermal cycle reliability test results for printed circuit boards that 

contain QFNs, DPAKs and chip components, assembled with three designated void levels (all below 35% by X-Ray area), 

using the standard lead-free Tin-Silver-Copper (SAC) solder paste alloy Sn-3.0%Ag-0.5%Cu (SAC305), and a SAC alloy 

(Sn-3.4%Ag-0.7%Cu+Bi/Sb which includes the presence of dopant elements i.e. Ni and Co), by three methods; electrically 

checking the QFN component I/Os for any changes in resistance (i.e. complete cracks) during thermal cycling, cross-

sectional (CS) analysis after thermal cycling and shear strength comparisons after thermal cycling, in order to investigate any 

differences and/or correlations between these two alloys, their void levels and their corresponding thermal cycle performance. 

 

Simply stated, the purpose of this study is to investigate the difference in alloy performance as well as any correlation 

between voiding and solder joint thermal cycle reliability for QFNs, DPAKs and Chip Resistors. 

 

As works have reviewed the effect of voiding on the reliability of solder joints in area-array components while using higher 

reliability focused Pb-Free alloys [2]; including void review within BGAs (ball grid arrays) and their corresponding thermal 

cycle reliability [1]; this work will focus on QFN and chip resistor components reliability up to 3,000 cycles, with some 

exploration of DPAK under body joint integrity. 

 



Key words: Pb-Free (Lead Free), SnPb (Tin Lead), TCT (Thermal Cycle Test), SAC347+Bi/Sb/Ni/Co 

(Sn3.4%Ag0.7%Cu3.2%Bi3.0%Sb+Ni/Co), SAC305 (96.5%Sn3.0%Ag0.5%Cu), QFN (Quad Flat No-Lead Package), 

DPAK (Discrete Package), I/O (Input Output), BGA (Ball Grid Array), and CS (Cross Section). 

 

DOE (DESIGN OF EXPERIMENT) 

For the DOE, two solder paste alloys were selected for testing, along with two different paste flux chemistries, in an effort to 

obtain a variation in voiding levels between each DOE group. 

 

In total, four pastes were chosen for testing and six DOE legs were to be tested, as can be seen in Figure 1. 

 
 REFLOW ENVIRONMENT 

 VACUUM REFLOW AIR 

SAC305 NO-CLEAN (ROL0) <0 5% VOID LEVEL 5~20% VOID LEVEL 

SAC305 NO-CLEAN (ROL1) - 25~35% VOID LEVEL 

SAC347+ NO-CLEAN (ROL0) <0 5% VOID LEVEL 5~20% VOID LEVEL 

SAC347+ NO-CLEAN (ROL1) - 25~35% VOID LEVEL 

Figure 1: Four pastes tested with a total of 6 DOE legs, 4 air reflow legs and 2 vacuum reflow legs, used in order to 

obtain 3 levels of voiding (below 0.5%, between 5-20%, and around 30% +/-5%) 

 

One SAC305, Type 4 powder, Halogen Free (ROL0), No-Clean paste; a SAC305, Type 4 powder, halogenated (ROL1), No-

Clean paste, a SAC347+Bi/Sb/Ni/Co, Type 4 powder, Halogen Free (ROL0), No-Clean paste and a SAC347+Bi/Sb/Ni/Co, 

Type 4 powder, Halogenated (ROL1), No-Clean paste were chosen for testing. For the DOE, two test vehicle boards were 

selected with two types of components per board.  

 

The first Test Vehicle board (TV-1),an FR-4, 6 Cu layer, single sided, Cu-OSP, NSMD (non-solder mask defined), test 

vehicle board with dimensions of 105mm X 105mm X 1.5mm was used (Fig. 2). 

 

 
Figure 2 Top Side Picture of Test Vehicle 1 (bare board), which is 105mm X 105mm X 1.5mm thick, FR4, 6 Cu layer, 

NSMD (non-solder mask defined), circuit board. 

 

TV-1 board layout contains 80, 2012-Chip Resistors and 56, 3216-Chip Resistors. 48 total boards were assembled (meaning 

3,840 2012-Chip Resistors and 2,688 3216-Chip Resistors in total).  

Two Cu OSP pad geometries and distances were used for each chip component, as can also be seen in Figure 2.  

 

The 3216-Resistors (metric) are 3.2mm in length, 1.6mm in width, and 0.55mm in height. The pad geometries used for the 

3216-Resistors (metric) were A:1.6mm X 1.2mm, with 4.8mm distance apart from both ends, and B:1.6mm X 0.8mm with 

4.2mm distance apart from both ends. The 2012-Resistors (metric) are 2.0mm in length, 1.2mm in width, and 0.45mm in 

height. The pad geometries used for the 2012-Resistors (metric) were A:1.3mm X 1.05mm, with 3.4mm distance apart from 

both ends, and B:1.3mm X 0.7mm, with 2.7mm distance apart from both ends.  

 

The second Test Vehicle board (TV-2), an FR-4,6Cu layer, single sided, Cu-OSP, NSMD (non-solder mask defined), test 

vehicle board with dimensions of 105mm X 105mm X 1.2mm was used (Fig 3).  

 



 
Figure 3 Top Side Picture of Test Vehicle 2 (bare board), which is 105mm X 105mm X 1.2mm thick, FR4, 6 Cu layer, 

NSMD (non-solder mask defined), circuit board, along with corresponding daisy-chain layout. 

 

The TV-2 board layout contains 10 QFNs and 10 DPAKs, as illustrated in Figure 4.  

 
Figure 4 Example of QFN/DPAK circuit board daisy chain and pin numbers for the QFN inputs/outputs (I/Os). 

 

68 total TV-2 boards where assembled (meaning 680 QFN and DPAK components in total). 

 

It is also important to note, that the QFNs on the Test Vehicle-2 boards are powered by a daisy chain with ground pads and a 

chip resistor per QFN component, so significant cracks in the I/Os can be detected via electrical resistance changes, so even if 

the resistor cracks there is still a step/incremental difference between QFN components.  

 

An example of how this is detected is illustrated below in Figure 5. 

 

 
Figure 5 Example of QFN/DPAK circuit board daisy chain, used to detect cracks in the QFN I/Os via electrical 

resistance changes, with example of expected value changes and how they correlate to cracking in the I/Os. 

 

Two different bottom terminated components (QFN and DPAK) were assembled to TV-2; 10QFNs per board, which are 

10mm X 10mm, and 10 Power Transistor Discrete Packages (DPAKs) per board all on the same board.  

 

All 3 DOE legs per paste alloy were assembled with similar reflow profiles, meaning a peak temperature within +/- 5ºC of 

each other, the only major difference was either reflow environment or solder paste flux chemistry used (which was done to 

create 3 different levels of voiding while minimizing any difference in the process variables). The reflow profiles used can be 

seen in Figure 6-8, and cross sections confirming similar intermetallic compound growth at the interfaces of the solder joints 

before TCT can be seen in Figure 33. 

 



 
Figure 6 Air reflow thermal couple readout (i.e. reflow profile) that was attached to one solder joint of each 

component (QFN and DPAK) on the TV-2 circuit board. 

 

 
Figure 7 Vacuum reflow thermal couple readout (i.e. reflow profile) that was attached to one solder joint of each 

component (QFN and DPAK) on the TV-2 circuit board. The same profile was used for TV-1 vacuum reflow. 

 

 
Figure 8 Air reflow thermo-couple readout (i.e. reflow profile) that was attached to the center solder joint of one chip 

component on the TV-1 circuit board 

 

As can be seen from the DSC graph in Figure 9, SAC305 and SAC347+Bi/Sb/Ni/Co alloys have similar liquidus 

temperatures.  

 



 
Figure 9 DSC chart of SAC305 and SAC347+Bi/Sb/Ni/Co alloys. 

 

Each DOE leg was assembled using the same SMT (Surface Mount Technology) printer settings and pick-and-place 

equipment settings.  

 

The production printer used in the DOE is a commonly found printer in various electronics factories, as well as the 

production pick and place equipment. The settings used can be seen in Figure 10.  

 

 
Figure 10 Production SMT (Surface Mount Technology) printer settings used during the DOE testing. 

 

The assembly procedures are also considered standard. We printed a test board (to confirm alignment), performed a stencil 

under wipe cleaning, printed a fresh board, mounted the components, reflowed the boards, x-rayed the boards, then saved the 

void measurement data using the production X-Ray machine. The reflow ovens used during the test were both from the 

company. One oven was a standard convection reflow oven, the other was a vacuum reflow oven. Figure 11 provides an 

example of the ovens used.  

 

 
Figure 11 Production convection air reflow oven (left) and production vacuum reflow oven (right) used for the DOE. 

 

X-Ray images were acquired from each component using a production X-Ray machine and void ratio was determined by 

calculating the area of the void in comparison to the land (examples provided in Figure 12 - 15). 

 



 
Figure 12 Examples of how the production X-Ray equipment calculated void area ratio under a QFN. 

 

 

 
Figure 13 Examples of x-ray void images from the QFN components in varying reflow environments 

 

 

 
Figure 14 Examples of x-ray void images from the DPAK components in varying reflow environments. 

 



 
Figure 15 Examples of x-ray void images from the chip components in varying reflow environments 

 

 

As seen in Figure 16, by using 2 reflow environments (convection air and vacuum reflow) we were able to obtain 10 boards 

each with 3 levels of voiding for the QFN and DPAK components. 

 
Figure 16 DOE test matrix for QFNs and DPAKs, showing 3 levels of voiding (<0.5%, between 5-20%, and around 

30% +/-5%), for each paste leg. 

 

 

Unfortunately, voiding under the chip components (TV-1) could not be varied enough to create 3 different levels of voiding, 

so the TV-1 DOE legs with chip components were used only to compare the difference in shear strength after thermal cycling 

between the two alloys tested. 

 

Figure 17 shows the DOE test matrix for the chip components.  

 



 
Figure 17 Chip component DOE test matrix, for alloy comparison testing, showing average level of voiding for all legs 

is below 3%, regardless of reflow environment or pad geometry tested 

 

After the boards were assembled they were placed into a production thermal cycling chamber and thermal cycled between -

40ºC and 125ºC with 30min dwell per cycle and 5-minute dwell at ambient.  

 

Figure 18 provides an example of the thermal cycle chamber profile.  

 

 
Figure 18 Thermal cycle profile of -40ºC to 125ºC with 30min dwell per cycle and 5min dwell at ambient, which was used 

during the testing. 

 

Figure 19 depicts the schedule of when boards were pulled out of the chamber for testing (i.e. after 500, 1000, 1500, 2000 

and 3000 cycles) as well as how many boards remained in the chamber until completion.  

 

 



 
Figure 19 TCT schedule showing when the boards where removed from the chamber and how many remain 

throughout the testing. The thermal cycle test duration was around 5 months. 

 

 

CHIP COMPONENT DOE RESULTS (3000 CYCLES) 

One board after every 500, 1000, 1500, 2000 and 3000 cycles was removed from the chamber for solder joint shear strength 

testing. The shear speed setting used for the test was 6.0mm/min.  The results for each thermal cycle evaluated can be seen in 

Figures 20 and 21. 

 

 
Figure 20: 3216-Chip Resistor “B” (metric) results for initial shear strength, and shear strength after 500, 1000, 1500, 

2000 and 3000 thermal cycles, as well as the level of voiding for each chip tested (all below 10% voiding). 

 



 
Figure 21: 2012-Chip Resistor (metric) results for initial shear strength, and shear strength after 500, 1000, 1500, 2000 

and 3000 thermal cycles, as well as the level of voiding for each chip tested (all below 12% voiding). 

 

The results indicate a significant increase in initial and final shear strength before and after thermal cycling is observed for 

the SAC347+Bi/Sb/Ni/Co paste alloy when compared to the base SAC305 alloy results.  

 

For example, after completion of the entire 3,000 cycles, the 3216-Resistors (metric) with the pad A geometries, assembled 

with SAC347+Bi/Sb/Ni/Co paste, had at minimum over 30 Newton of shear strength remaining with an average of 45 

Newton of shear strength. Whereas the boards assembled with SAC305 paste fell below 30 Newton of shear strength only 

after 500 cycles, and carried an average shear strength of between 10-20 Newton after 3000 cycles.  

 

As seen in Figure 22, through cross sectional analysis, it was confirmed that after 3000 cycles the chip resistors crack length 

and crack rate was shortened by using SAC347+Bi/Sb/Ni/Co paste, compared to SAC305.   

 
Figure 22: 3216-Chip Resistor cross sectional analysis for initial and 500, 1000, 1500, 2000 and 3000 thermal cycles. 



 

 

QFN DOE RESULTS (3000 CYCLES) 

After 1500 cycles of testing, although we can see some noise in the resistance values (which was later confirmed to be related 

to where the cable harness was resting in the chamber), there were no large deviations in the electrical resistance detected 

from any of the boards QFN I/Os in the chamber, regardless of the alloy or void level in the component (they all follow the 

same electrical performance trends) so we randomly selected boards to remove for CS analysis.  

 

This means, theoretically, up to 1500 thermal cycles, for all of the DOE legs, there are no large cracks occurring in the QFN 

solder joint I/Os which would cause a significant change in the electrical resistance (i.e. above 300%). However prior to 2000 

cycles, we begin to detect large spikes in the electrical resistance with all the SAC305 boards. Figure 23, for example, clearly 

shows the results for six SAC305 boards pulled from the chamber after 2000 cycles. Resistance spikes are first detected in 

the SAC305, No-Clean (ROL0) boards with medium level voiding (5-20%) at 1770 thermal cycles.  

 

Shortly thereafter a spike was detected in the SAC305 boards with 25-35% voiding at 1830 thermal cycles, and then almost 

immediately after that the SAC305 vacuum reflowed boards begin spiking at 1848 thermal cycles.  

 

 
Figure 23 Electrical resistance results for the 6 SAC305 boards, and 6 SAC347+Bi/Sb/Ni/Co boards pulled from the 

chamber after 2000 thermal cycles. 

 

As illustrated in Figure 24, CS analysis of I/Os 1-17 of the QFNs confirmed fully cracked joints (i.e. over 50% of the solder 

joint axis) does not occur with the SAC305 boards in any of the QFN I/Os until around or slightly after 1500 cycles are 

reached. 

 

However, we do see the beginning of cracks appearing after 500 cycles with all the SAC305 convection air reflowed boards, 

but not until 1000 cycles with SAC305 vacuum reflowed boards, nonetheless fully open joints (>50%) of the QFN I/Os, 

regardless of reflow environment or initial void level, are all occurring around the same time (in between 1500-2000 thermal 

cycles). 

 



 
Figure 24 Example of QFN I/O row 1-17, CS analysis results of the SAC305, No-Clean (ROL0) convection air 

reflowed boards.  

Figure 25 Selected QFN input-output and center pad, top-side view, CS analysis results of the SAC305, No-Clean 

(ROL1) convection air reflowed boards. 

 

 
Figure 26 DPAK, side-view CS analysis of the SAC305, No-Clean (ROL0) convection air reflowed boards. 

 



When reviewing the event detection results for the QFN I/Os after 2000 thermal cycles, as illustrated in Figure 27, in 

combination with the CS analysis results for all the boards removed from the chamber (Figures 24 – 26), we can see no direct 

correlation between void percentage levels and thermal cycle reliability. 

 

 
Figure 27 After 2000 cycles, electrical resistance spikes were detected in all SAC305 boards, with the SAC305 vacuum 

reflowed boards having the most events of 7, compared to the SAC305 boards which were reflowed in air, and had 

below 2 events. 

 

As the testing progressed, the chamber detected resistance changes in all the boards built with SAC305 paste prior to 

reaching 2000 cycles, but no boards built with SAC347+Bi/Sb/Ni/Co paste detected a change in resistance. As no 

SAC347+Bi/Sb/Ni/Co boards exhibited spikes in electrical resistance, boards were randomly selected for CS analysis at each 

thermal cycle interval (i.e. initial, 500, 1000, 1500, 2000, 3000 thermal cycles).  

 

As illustrated in Figures 28 through 31, CS analysis confirmed no significant cracking beyond 50% as having occurred up to 

3000 cycles for the SAC347+Bi/Sb/Ni/Co.  

 

 
Figure 28 QFN input-output, CS analysis results of the SAC347+Bi/Sb/Ni/Co, No-Clean (ROL0) vacuum reflowed 

boards. 

 



 
Figure 29  SAC347+Bi/Sb/Ni/Co, No-Clean (ROL0) convection air reflowed boards. 

 

 

 
Figure 30 Selected QFN input-output and center pad, top-side view, CS analysis results of the SAC347+Bi/Sb/Ni/Co 

No-Clean (ROL1) convection air reflowed boards. 

 

 

 
Figure 31 DPAK, side-view CS analysis of the SAC347+Bi/Sb/Ni/Co, No-Clean (ROL0) convection air reflowed 

boards. 

 

Combining the event detection results with the CS analysis results of the QFN I/O rows 1-17, as we can see in Figure 32, 

there appears to be no meaningful correlation between voiding and thermal cycle reliability.   

 



 
Figure 32 Chart showing the combined results from the CS analysis of the QFN I/O rows 1-17 and the event detection 

results for every board in the chamber. Yellow indicates the initiation of a crack, while orange signifies a crack over 

25%, and red means a complete crack. 

 

When reviewing the DOE results, it is difficult to make any true correlation with regards to voiding and thermal cycle 

reliability. Differences within each assembly were statistically insignificant and CS analysis of the intermetallic compounds 

(IMC) formed between the SAC305 alloy and SAC347+Bi/Sb/Ni/Co, which can be seen in Figure 33, show that the initial 

IMC layer began at similar thicknesses for both alloys.  

 

 
Figure 33 Comparison between initial, 500, 1000, 1500, 2000 and 3000 thermal cycles CS analysis images showing 

IMC thickness of the QFN I/Os from row 1-17. 

 

However, after 3000 thermal cycles it is clear that the IMC thicknesses of the SAC305 solder joints are growing at a faster 

rate than those of SAC347+Bi/Sb/Ni/Co alloy. As seen in Figure 34, when one compares the IMC structures after 3000 

cycles of the SAC305 and SAC347+Bi/Sb/Ni/Co alloy, the SAC305 alloy not only has a larger IMC thickness, but a greater 

amount of Cu3Sn intermetallic formed in comparison to the solder joint with SAC347+Bi/Sb/Ni/Co paste, making the 

SAC305 solder joint more susceptible to cracking.   



 
Figure 34 Comparison of IMC structure between SAC305 and SAC347+Bi/Sb/Ni/Co after 3,000 thermal cycles from -

40ºC to 125ºC. 

 

CONCLUSIONS 

In conclusion, this study found no significant resistance changes detected up to 3,000 thermal cycles with 

SAC347+Bi/Sb/Ni/Co for the QFN portion of this study.  Furthermore, cross section analysis confirmed no or minimal 

cracking (under 25%) after 3000 thermal cycles for both chip resistors and DPAK when processed with the SAC347+ alloy.  

This finding was also consistent with the lack of electrical resistance changes detected during the test.  

 

A significant increase in initial and final shear strength before, during and after thermal cycling is observed for both chip 

resistors on both pad designs, when using SAC347+Bi/Sb/Ni/Co compared to SAC305. 

 

Changes in electrical resistance were detected before 2,000 thermal cycles with SAC305 and cross section images for the 

QFN and chip components confirmed that large cracks were consistent with the observed electrical resistance changes during 

TCT in SAC305 for QFNs.  

 

Lastly, and most importantly, this study found no direct correlation between voiding (below 35% for visual DPAK reviewed 

and below 25% in the QFN and chip components) and thermal cycle solder joint mechanical or electrical reliability. However 

one point is obvious, the SAC347+Bi/Sb/Ni/Co outperforms SAC305 in thermal cycling from -40ºC to 125ºC and is a good 

candidate for Lead-free products being used in harsh environments.   
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As the drive to improve solder joint reliability and 
widen the process window continues…

An investigation into the potential correlation 
between void percentage levels and solder joint 
reliability for both the Base SAC305 Alloy and an 
Improved SAC347+ Alloy, having greater Resistance 
to Thermal Cycle Failure, is summarized.



Design of Experiment Concept

■ A Design of Experiment (DoE) was proposed to selectively generate various 
percentages of void levels under chip components, QFNs and DPAK type 
components and to monitor relative solder joint reliability.

■ Parts were to be measured for void area (%)

■ Parts were to be monitored for electrical resistance under thermal cycle stress.

■ Post TCT observation to review crack growth.

■ Post TCT mechanical shear strength testing was to be performed.









Solder Paste Selection and Reflow Variation 

■ SAC305 Alloy, No-Clean ROL0 Flux

■ SAC305 Alloy, No-Clean ROL1 Flux

■ SAC347+ Alloy, No-Clean ROL0 Flux

■ SAC347+ Alloy, No-Clean ROL1 Flux

■ The ROL1 flux paste is a legacy material, with known good performance,  
considered to have relatively higher voiding than the newer ROL0 flux.

■ Reflow environments were chosen to intentionally reduce or increase the 
expected void areas.



















Chip Resistor: Voiding

■ The research laboratory was unable to secure a more poorly performing 
competitive paste product and therefore all results were relatively low in voiding.

■ Even without use of vacuum reflow, most components saw voiding in the range 
of 2~5%.  All void areas were below 15%.

■ This did not meet the DoE target of having three (3) discernable void levels.

■ Nevertheless, it was decided to continue with shear testing of TV #1 post TCT.

■ Components were removed via shear every 500 cycles in order to compare 
force values after TCT.







QFN Void Observation

■ Here we could see a greater variation in the void levels between the paste 
materials and the reflow processing.

■ Voids levels were measured and Low, Medium and High level void ratios were 
acknowledged.  

■ The Resistance values were to be collected in situ for TV #2 with QFNs and 
DPAK components placed on board.









DPAK Void Observations

■ The DPAK components often exhibited a higher level of voiding than the QFN 
and up to 35%.

■ The components were to be cross sectioned for failure analysis prior to and 
after TCT chamber runs with the combined QFN / DPAK PCB 

■ Test Vehicle #2

















Test Vehicle #2 (QFN/DPAK) Resistance 

■ QFNs are connected via daisy chain and resistance is measured.

■ Should a section or side of the QFN leads suffer a failure, the resistance measured 
will increase by a factor of ~3X.

■ Individual lead failure detection is not possible with this process.

■ DPAK are also mounted for the purpose of relative voiding and crack propagation 
comparisons.









QFN Resistance Results Summary

■ An issue with noise was found due to harness cable positioning within the 
chamber prior to 1500 cycles.

■ However, no resistance changes (“step up”) were detected prior to nearly1800 
cycles.

■ At this point, the SAC305 QFN began to fail, with the Medium Void level (~15-
25%) components failing first.

■ Regardless of process condition, and regardless of Low to High voids content, 
all SAC305 QFNs are failing within a very narrow and similar timeframe.



Cross Section (CS) and Observations

■ After the Resistance Test results were found, QFN and DPAK components were 
reviewed via cross-sectioning and SEM.

■ The spreadsheet on the next page shows how a section would be detected for 
failure via resistance values and this side of the QFN would then be inspected 
via cross section.

■ For SAC305 this allowed CS targeting of rows which failed prior to 2000 cycles.

■ For SAC347+, with no failures, rows of QFNs were randomly selected for FA.

■ Examples for those CS FA are shown on the next slides.



















Conclusions

■ Testing was performed in order to compare void level content and any relationship to 
reliability for the SAC305 and the SAC347+ Bi/Sb/Ni/Co alloys.

■ For chip components, the void level delta was not significant enough in order to draw a 
clear conclusion.  A clear shear strength benefit was confirmed for the SAC347+ post -
40/+125 degC TCT after 3,000 cycles.

■ A QFN resistance measurement method to detect operation failures for regions 
(“sides”) of QFNs during stress testing was developed.

■ QFN soldered with SAC305 alloy had failures prior to 2,000 cycles, while SAC347+ 
fractures were not observed prior to 3,000+ cycles.

■ Test results could not find a clear relationship between lower, medium and higher 
levels of voids and the failure modes targeted via resistance or shear testing.

■ Future work to potentially include thermal resistance value measurement, as they may 
relate to void content and alloy composition.
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