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ABSTRACT 
The thermal fatigue resistance of multiple high-performance 
Pb-free solder alloys containing significant alloying additions 
of bismuth (Bi), antimony (Sb), and indium (In) are compared 
to the near-eutectic SAC305 (Sn3.0Ag0.5Cu) solder alloy. 
The study uses a daisy chained test board with zero-ohm 1206 
surface mount chip resistors as a test vehicle. Thermal 
cycling is performed with three distinct thermal cycling 
profiles, 0/100°C, -40/125°C, and -55/125°C, to address the 
qualification requirements of the telecommunications, 
consumer, and aerospace/defense industries. The relative 
thermal cycling performance of the solder alloys is compared 
to results from an earlier phase of the investigation that used 
two ball grid array test components. The rank order of 
performance of the alloys is not the same for the chip resistors 
as the BGA components in the previous studies. The results 
highlight the importance of using more than one test 
component to develop a more thorough understanding of the 
thermal cycling behavior performance of new alloy systems. 
Alloy performance is compared using Weibull statistics, 
microstructural characterization, and failure mode analysis.  

Key words: Pb-free alloys, high-performance solder alloys, 
chip resistor, thermal fatigue reliability, failure mode.   

INTRODUCTION 
The RoHS (Restriction on the use of hazardous substances) 
Directive implemented by the European Union in 2006 
effectively banned the use of lead (Pb) in solder alloys [1]. 
Since then, there have been significant innovations and 
developments of Pb-free solder alloys. Much of this 

development has been based on experience collected through 
the manufacture and implementation of Pb-free products of 
growing complexity. More Pb-free solder alloys have 
become available beyond the first-generation near-eutectic 
Sn-Ag-Cu (SAC) alloys that were established initially as 
replacements for eutectic SnPb solder [2]. Second generation 
alloys with lower Ag content were introduced to mitigate the 
shortcomings of the first-generation alloys, namely their poor 
mechanical shock performance and high cost to manufacture 
as well as a variety of other technological and logistical risks 
[3]. The past decade has seen the development and 
introduction of numerous third-generation, high-performance 
alloys, designed initially to meet the requirements of higher 
operating temperatures in aggressive automotive 
applications. These alloys are based typically on the SAC 
system, but they have major alloying additions of bismuth 
(Bi), antimony (Sb), or Indium (In), often using combinations 
of those elements. These elements promote additional 
precipitate, solid solution, or dispersion strengthening to 
enhance high temperature performance [4].   

Solder fatigue or creep fatigue is the most common form of 
wear out in solder joints as they age and degrade in service 
[5]. End users with requirements for high reliability, high-
performance applications consider resistance to thermally 
activated fatigue a high priority. For surface mount 
technology (SMT) components in electronic assemblies, this 
thermomechanical solder fatigue is the primary source of 
failure [6].   

Since 2008, the Pb-Free Alloy Alternatives Characterization 
Program sponsored by the International Electronics 
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Manufacturing Initiative (iNEMI) has focused on gaining 
knowledge about thermal fatigue resistance of first and 
second generation Pb-free solder alloys [2, 3, 7-19]. With the 
continued development of third generation alloys, 
characterization and understanding of long-term performance 
of these solder alloys has grown in importance among high 
reliability end users. The iNEMI Alternatives Alloy Program 
has been expanded through a formal collaboration between 
iNEMI and a second industry consortium, the High Density 
Package (HDP) User Group. The current phase of the 
program is focused on developing thermal fatigue data for 
this new family of high-performance Pb-free solders by 
applying the approach established previously to develop 
thermal fatigue data for SAC alloys [20].   
 
The evolution of Pb-free solder alloys, the emergence of 
high-performance alloys and their metallurgical 
considerations, and the iNEMI/HDP consortia experimental 
methodology are discussed in detail in two publications [4, 
20].  The results from the initial phase of the consortia 
thermal cycling tests for two ball grid array (BGA) packages 
are presented in several subsequent publications [21-25]. The 
high-performance alloys outperformed the SAC305 baseline 
by a sizeable margin, and the best performing alloys 
generally were those with alloying combinations of Bi and 
Sb. The thermal cycling performance of the alloys was found 
to be dependent on thermal cycling profile, as expected. The 
relative performance or rank order of the alloys was found to 
be dependent on package type. The package dependence on 
alloy performance did not manifest consistently across all the 
thermal cycling profiles, and there was some indication this 
could be related to an interfacial non-fatigue failure mode. 
With the observation of interfacial cracking during thermal 
cycling, further work was suggested using additional 
component test vehicles to explore failure phenomena, 
thermal fatigue, interfacial cracking and to expand the 
thermal cycling data base for high-performance alloys.             

This investigation uses a surface mount ceramic chip resistor 
as an alternative test vehicle for developing additional 
thermal cycling data for the high-performance solder alloys. 
The chip resistor offers a very different solder joint geometry 
and solder volume than the BGA components and is a 
relatively inexpensive test vehicle. Almost no solder thermal 
fatigue test data exist for chip resistors in the literature 
because resistor solder joints have intrinsically high lifetimes 
in both controlled thermal cycling tests and in products under 
operating conditions. When chip resistors have been used to 
evaluate high-performance solder alloys, thermal cycling was 
used as a preconditioning step before shear testing to failure 
or with thermal cycling without in situ monitoring [26, 27].  
In the current study, the resistors are thermally cycled to 
failure and in situ resistance monitoring of the solder joints is 
used to record the failures. The relative thermal cycling 
performance and rank order of the solder alloys for the 1206 

resistor is compared to data developed in the earlier phase of 
the investigation that used two ball grid array test vehicles.    
 
The high-performance alloys included in the resistor thermal 
cycling study are shown in Table 1. The alloys were down 
selected from the larger project matrix based on thermal 
cycling performance in the BGA phase and alloy composition 
considerations. Bismuth is the alloying element of greatest 
interest in the industry and is found in nearly all the alloys. 
There are high-performance alloys that contain only a single 
alloying element such as either Bi, Sb, or In, and there are 
alloys with combinations of alloying elements. The two 
alloys that contain both Bi and Sb performed particularly well 
in the BGA phase of the testing [22]. The test matrix also 
includes the SAC305 alloy as the performance baseline. 
 
Table 1. The nominal solder alloy compositions and the 
estimated melting ranges for the high-performance alloys 
included in the chip resistor thermal cycling test matrix. 

 
 
EXPERIMENTAL 
Test Vehicle 
Component and Test Board Description 
The printed circuit board (PCB) test vehicle is 2.36 mm (93 
mils) thick, with a 6 layer construction and 16 sites for the 
1206 zero-ohm resistors. The resistor and surface mount 
footprint are shown graphically in Figure 1. A fully populated 
1206 resistor test vehicle is shown in Figure 2. The   attributes 
of the 1206 resistor and the daisy chained printed circuit 
board  test vehicle are presented in Table 2.  

 
Figure 1. Graphic representation of a) the 1206 resistor, and 
b) the printed circuit board footprint for the 1206 resistor.   
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Figure 2. A fully populated 1206 resistor test vehicle.  
 
Table 2. Attributes of the resistor and PCB test vehicle.   

 
Test Vehicle Surface Mount Assembly 
The solder assembly of the test vehicles was performed at 
Collins Aerospace, Coralville, IA. A pilot build using 
SAC305 components and paste was conducted to establish 
the stencil printing and reflow process parameters. A 5-mil 
(125 µm) thick stencil was used with apertures 1:1 with the 
pads on the board. The test vehicles were reflowed in a 14-
temperature zone convection oven in an air atmosphere. Type 
4 no-clean solder paste was used for all the final assemblies. 
The nominal peak temperature measured on the board 
adjacent to the solder joints was 245 o C.  
 
Accelerated Temperature Cycling 
Accelerated temperature cycling (ATC) is the recognized 
technique for evaluating the thermal fatigue performance of 
solder joints. The IPC-9701B document that provides 
guidance for temperature cycle testing of surface mount 
attachments was developed initially for SnPb solder and 
modified later for Sn-based Pb free solders [28]. 
 

The daisy-chained components and test boards enabled 
electrical continuity testing after surface mount assembly and 
in situ, continuous monitoring during thermal cycling. 
Thermal cycling was done in accordance with the IPC-9701B 
guideline. The solder joints were monitored using either an 
event detector or a data logger set at a resistance limit of 1000 
ohms, also described previously. The failure data are 
developed as characteristic life η (the number of cycles to 
achieve 63.2% failure) and slope β from a two-parameter (2-
P) Weibull analysis. Characteristic lifetime is used to 
compare the relative performance of the high-performance 
solder alloys with the 1206 resistor and two BGA 
components evaluated in an earlier investigation.  
 
The temperature cycling profiles for this investigation are 
shown in Table 3. These profiles were selected to address the 
requirements of three specific industries or market segments 
with telecom represented by TC1, consumer/handheld by 
TC3, and aerospace/defense by TC4. 
 
Table 3. Thermal Cycling Profiles 

 
Each accelerated temperature cycling (ATC) test board 
contains 16 of the 1206 resistors, and replicate boards are 
used to achieve a sample size of 32 for each component.  A 
single additional test board for each alloy was assembled to 
provide samples for time zero, baseline solder joint analysis.  
 
Microstructural Observations and Failure Analysis 
A baseline characterization was performed on representative 
board level assemblies from each of the 1206 resistor alloy 
test cells. The baseline analysis documents the solder joint 
quality and characterizes the solder microstructure before and 
after temperature cycling. The results from the resistor 
microstructural analysis are used in conjunction with the 
results from a similar analysis of the ball grid array 
microstructures to support the rank order comparison of alloy 
performance in the resistor and BGA thermal cycling tests.  
 
Microstructural characterization and failure analysis were 
done using metallography (destructive cross-sectional 
analysis) and scanning electron microscopy (SEM). Using 
methods developed previously, the SEM operating in the 
backscattered electron imaging (BEI) mode has been 
effective for differentiating phases in the SAC 
microstructures [10, 12, 21-25].  
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RESULTS 
Microstructural Observations 
The baseline or time zero microstructures for the SAC305 
and the 6 high-performance alloys are shown in Figure 3. 
These same images are also shown in an expanded, full-page 
view in Appendix A. Low magnification images of the 
resistor solder joints for each alloy also are included in 
Appendix A.  

 
Figure 3. Baseline or time zero microstructures of the 1206 
resistor assembled with each of the alloys listed in Table 1.  
 
Appendix B shows a side-by-side comparison of the 1206 
resistor microstructures for each alloy from Figure 3 and 
corresponding 192CABGA microstructures from the BGA 
phase of the project. While there are differences in the 
microstructures between the resistor and 192CABGA, this is 
not surprising since microstructural differences exist between 
the two BGA components tested in the earlier phase of the 
project [21, 22].  Note that the resistor and BGA images 
originate from different scanning electron microscopes, 
which accounts for some basic differences in image 
appearance.   

SAC305, the ubiquitous Pb-free solder alloy in electronics 
manufacturing, is used as the performance baseline. SAC305 
has a microstructure of β–Sn dendrites surrounded by 
networks of fine, equiaxed Ag3Sn precipitates that strengthen 
the alloy at the dendrite boundaries. The β–Sn dendrite size 
appears to be larger in the resistor solder joints than in the 
BGA solder joints.  
 
Innolot is strengthened by the combination of Ag3Sn 
precipitates from its high Ag content, Bi in solid solution, and 
SbSn precipitates from the addition of 1.5 wt. % Sb. The 
resistor solder joint microstructure has a finer distribution of 
smaller Ag3Sn precipitates compared to the BGA 
microstructure.  At this magnification, there are no Bi or 
SbSn precipitates visible in the resistor microstructure, but 
some Bi can be seen in the BGA microstructure.  
 
Max Rel Plus effectively is SAC405 with 4 wt. % Bi 
substituted for Sn. Neither the microstructure of the 1206 
resistor or the microstructure of the 192CABGA has a high 
density of Ag3Sn precipitates that might be expected from an 
alloy with 4 wt. % Ag.  However, high Ag SAC alloys tend 
to solidify with large Ag3Sn platelets randomly in the bulk 
solder. Figure 4 shows a Ag3Sn platelet near the knee of a 
MaxRel Plus resistor solder joint, but there are no such 
platelets visible in the SEM images in Figure 3 or Appendix 
A and B. These platelets have no direct bearing on thermal 
fatigue resistance, but they can lower the effective Ag content 
by scavenging Ag, thereby reducing the number of equiaxed 
precipitates available to strengthen the boundaries.        
 

 
Figure 4. Backscattered electron image showing a Ag3Sn 
platelet in a MaxRel Plus 1206 resistor solder joint.  
 
Alloy M794 is another alloy strengthened by the combination 
of Ag3Sn precipitates, Bi in solid solution, and SbSn 
precipitates. There is no significant difference in Ag3Sn 
precipitate distribution, and some Bi precipitates (bright 
white phase) are visible in the resistor and BGA 
microstructures. Belyakov et.al have shown that the SbSn 
phase precipitates preferentially on Cu6Sn5 and as well as 
inside β–Sn dendrites [29]. This likely is the precipitate 
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feature seen in the 192CABGA microstructure in Figure 5 
and may be visible in M794 but not in Innolot due to the much 
higher Sb content.  This intermetallic feature is not seen in 
the resistor microstructure.  
 

 
Figure 5. Backscattered electron image with possible 
precipitation of the SbSn phase on Cu6Sn5 in the alloy M794 
192CABGA microstructure.   
 
The SB6NX alloy contains 3.5 wt. % Ag and 6.0 wt. % In, 
but the basic microstructure is like SAC305 with β–Sn 
dendrites and Ag3Sn precipitates at the dendrite boundaries. 
Much of the indium dissolves into the β–Sn and supplements 
the Ag3Sn precipitation strengthening through solid solution 
strengthening. Some In forms intermetallic compounds in the 
bulk solder with Ag from the solder and Au from package 
substrate, but there is no evidence those phases play a 
significant role in alloy strengthening [24]. The Ag3Sn 
precipitate density is greater in the resistor solder joint and 
the morphology of those precipitates is more equiaxed rather 
than elongated compared to the BGA solder joint.  
 
The Violet alloy microstructure has fewer Ag3Sn precipitates 
compared to the other alloys, but this is attributed to its lower 
Ag content (2.25 wt. %). There are notably fewer bright white 
Bi precipitates in the resistor solder joint than in the BGA 
solder joint, which implies more Bi is retained in solid 
solution in the resistor joints after assembly. The Bi-Sn 
equilibrium phase diagram indicates less than 2 wt. % 
solubility of Bi in Sn at room temperature [30].    
 
Indalloy 279 has 3.8 wt. %Ag and the density of Ag3Sn 
precipitates is greater in the BGA joint than in the resistor 
joint. This alloy is known to be strengthened by precipitation 
of the SbSn intermetallic phase in the bulk solder, but the 
precipitates are very small and cannot be resolved at this 
magnification [31]. There is some solubility of Sb in Sn that 
could promote solid solution strengthening.  
 
Accelerated Temperature Cycling 
Characteristic lifetime is chosen as the Weibull parameter to 
compare rank order of thermal cycling performance for the 
1206 resistor and two BGA components.  The 1% cumulative 
failure data were not available for the two BGA components.  
Data are presented for the -55/125 °C, -40/125 °C, and 0/100 
°C test profiles. The results for the 1206 resistor from the 
current study are compared to the results for the 192CABGA 

and 84CTBGA from the earlier studies in the bar charts in 
Figure 6 and Table 4. At the time of writing, the Innolot, 
SB6NX, and MaxRel Plus resistor boards had not reached 
N63 in the 0/100 °C test and continued to cycle. For 
completeness, the Weibull plots for the 1206 resistor also are 
presented in Appendix C. However, it can be difficult to 
discern clear performance differences from the Weibull plots 
due to the variations in slope (β) across the data sets. 
Variations in β always should be considered when making 
characteristic lifetime or 1% cumulative failure comparisons 
between data sets. Further, simple visual comparisons are 
impractical because of the amount of data presented in such 
crowded Weibull plots.   

 

 

 
Figure 6. Bar charts comparing the characteristic lifetimes of 
1206 resistor, 192CABGA, and 84CTBGA components 
tested with three thermal cycling profiles.  
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Table 4. The rank order of alloy performance based on 
characteristic lifetime of 1206 resistor, 192CABGA, and 
84CTBGA components tested with three thermal cycling 
profiles.  

 

 

 
 
In the BGA phase of the thermal cycling, all the high-
performance alloys except Violet outperformed SAC305.  
The low performance of Violet with the two most aggressive 
profiles, -40/125 °C and -55/125 °C, was attributed to non-
fatigue interfacial cracking which occurred only in some 
192CABGA solder joints. Violet performed more 
consistently with the 84CTBGA that did not experience 
interfacial cracking. The best performing alloys were the two 
heavily alloyed with Bi and Sb, Innolot and M794. The 
SB6NX alloy that contains 6 wt. % In, often performed no 
better than SAC305, particularly when tested with the two 
aggressive profiles. The other alloys with predominantly a 
single alloying addition such as 279 (5.5 wt. % Sb) and 
MaxRel Plus (4 wt. % Bi) landed in the middle of the 
performance distribution when tested with -40/125 °C 
and -55/125 °C. Although there are a few exceptions noted in 
the tables, the differences are not always significant 
statistically. It may be meaningful that the high-Bi alloys, 
Violet and MaxRel Plus, performed very well with the 
84CTBGA in the relatively benign 0/100 °C test where no 
interfacial cracking occurred.   
 
In the 1206 resistor thermal cycling, the rank order of alloy 
performance is not consistent with the results for the two 
BGA components. The most noteworthy exception is SB6NX 
(6 wt. % In), which outperforms all but Innolot in the three 

thermal cycling profiles. Another difference is that M794 
does not perform as well with the 1206 resistor as it does with 
either BGA component. Although M794 generally performs 
well with the resistor, its performance does not match Innolot, 
the other alloy with likewise high Bi and Sb contents. 
Although all the high-performance alloys outperformed 
SAC305 by a wide margin in 0/100 °C, it is interesting that 
M794 was at the low end of the performance distribution. The 
alloys with predominantly a single alloying addition such as 
Violet, 279, and MaxRel Plus were in the middle of the 
performance distribution and qualitatively consistent with the 
BGA results.  
 
This comparison of results for the 1206 resistor and two BGA 
components emphasizes the potential limitation of using a 
single component or single component type to develop test 
data for making informed reliability decisions.    
 
Failure Analysis 
Figure 7 shows backscattered electron images of 
representative failures from the 0/100 °C thermal cycling for 
the SAC305 baseline and 6 high-performance solder alloys.  
Samples were analyzed from the 0/100 °C cycling because 
very few samples were removed prior to the conclusion of the 
three tests, and this less aggressive profile allowed a better 
view of the details of the damage.  A full-page view of these 
micrographs is provided in Appendix D.     

 
Figure 7. Backscattered electron micrographs showing 
representative thermal fatigue damage in SAC305 and 6 
high-performance solder alloys. 

Solder Alloy N63 Solder Alloy N63 Solder Alloy N63
Innolot 10362 279 1765 Innolot 4715
SB6NX 6069 Innolot 1690 794 3781

794 5565 794 1611 Violet 3584
SAC 305 5070 Max Rel Plus 1356 279 3151
Violet 4512 SB6NX 1290 MaxRel Plus 2884

MaxRel Plus 4083 SAC305 1123 SB6NX 2269
Indalloy 279 3731 Violet 834 SAC305 1946

-55/125 °C Thernal Cycling Profile
1206 Resistor 192CABGA 84CTBGA 

Solder Alloy N63 Solder Alloy N63 Solder Alloy N63
SB6NX 21651 794 3348 794 10146
Innolot 9199 Innolot 3276 Innolot 8894
Violet 9048 279 2698 MaxRel Plus 6301
794 8446 Max Rel Plus 2036 Violet 5580

MaxRel Plus 6400 SB6NX 2042 279 5034
Indalloy 279 5801 SAC305 1693 SB6NX 3444

SAC 305 5635 Violet 1557 SAC305 2758

-40/125 °C Thernal Cycling Profile
1206 Resistor 192CABGA 84CTBGA 

Solder Alloy N63 Solder Alloy N63 Solder Alloy N63
Innolot 37878 794 14146 794 38384
SB6NX 30171 Innolot 10486 Innolot 27981
MaxRel Plus 29683 Max Rel Plus 9709 MaxRel Plus 20914
Indalloy 279 21823 279 6858 Violet 20447
794 21139 SB6NX 6183 279 14997
Violet 16530 Violet 5607 SB6NX 9852
SAC 305 11480 SAC305 5442 SAC305 7286

0/100 °C Thernal Cycling Profile
1206 Resistor 192CABGA 84CTBGA 
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The characteristics of the thermal fatigue in SAC305 are 
consistent with the well-known behavior of this alloy [32].  
Coarsening of the Ag3Sn precipitates is followed by local 
recrystallization, global recrystallization, crack propagation 
along the newly formed Sn boundaries with crack branching, 
and cavitation at boundary triple points. Thermal fatigue 
failures in Sn-based solders typically have a crack path 
through the bulk solder, although with the resistor solder joint 
geometry, propagation may proceed close to the IMC 
interfacial layers under the resistor and parallel to the end cap 
termination.  
 
For the 6 high-performance alloys in this investigation of 
reliability of 1206 resistors, fatigue cracking within bulk 
solder was determined to be the primary failure mode. The 
images in Figure 7 from samples tested with the 0/100 °C 
thermal cycling profile are representative of fatigue failures 
in the -40/125 °C and -55/125 °C tests.  Despite the 
significant extent of alloying in the high-performance 
solders, the failure mode in thermal cycling is thermal fatigue 
characteristic of Sn-based, Pb-free solders like SAC305 
solder. Unlike the results from the previous BGA studies of 
these same alloys, no interfacial cracking or mixed mode 
cracking was detected. There were no early failures attributed 
to non-fatigue cracking and the failures in all samples seem 
to be the result of thermal solder fatigue.   
 
SUMMARY 
The thermal fatigue resistance of multiple high-performance 
Pb-free solder alloys based on the Sn-Ag-Cu (SAC) system 
but containing major alloying additions of bismuth (Bi), 
antimony (Sb), and indium (In) was compared to the near-
eutectic SAC305 solder alloy. The investigation used zero-
ohm, 1206 surface mount chip resistors and a daisy chained 
test board as the test vehicle. Thermal cycling was performed 
with three distinct thermal cycling profiles, 
0/100°C, -40/125°C, and -55/125°C, to address the 
qualification requirements of the telecommunications, 
consumer, and aerospace/defense industries. The solder 
microstructures and thermal cycling performance of the 
solder alloys were compared to results obtained in the earlier 
ball grid array (BGA) investigation that used 192CABGA 
and an 84CTBGA test vehicles.  
 
The microstructural comparisons were limited to the 1206 
resistor and the 192CABGA. Differences were noted in the 
microstructures of the resistor and BGA solder joints. These 
differences were attributed to different solder joint 
geometries and could not be correlated to differences in 
performance. Microstructures vary in SAC-type alloys due to 
differences in solder joint volume, which can alter 

solidification. This finding was anticipated because of 
microstructural differences between the two BGA 
components reported previously.  
 
The rank order of alloy performance was consistent for the 
two BGA components. All the high-performance alloys 
except Violet outperformed SAC305. The low performance 
of Violet with the two most aggressive profiles, -40/125 °C 
and -55/125 °C, was attributed to non-fatigue interfacial 
cracking which was observed in multiple 192CABGA solder 
joints.  Interfacial cracking was not observed with the 
84CTBGA component. The best performing alloys were the 
two heavily alloyed with Bi and Sb, Innolot and M794. The 
SB6NX alloy containing 6 wt. % In, typically performed no 
better than SAC305, particularly when tested with the two 
aggressive profiles. The other alloys with predominantly a 
single alloying addition such as 279 (5.5 wt. % Sb) and 
MaxRel Plus (4 wt. % Bi) were in the middle of the 
performance distribution when tested with -40/125 °C 
and -55/125 °C. 
 
The rank order of alloy performance in the 1206 resistor 
thermal cycling was not consistent with the results for the 
BGA components. The SB6NX (6 wt. % In), which was a 
low performer with the BGA components, outperformed all 
but Innolot in the three thermal cycling profiles. Another 
striking finding was that M794 did not perform as well with 
the 1206 resistor as it did with either BGA component. 
Although M794 generally performed well with the resistor, 
its performance did not match Innolot, the other alloy with 
likewise high Bi and Sb contents. Although all the high-
performance alloys outperformed SAC305 with the resistor 
test vehicle by a wide margin in 0/100 °C, it is interesting that 
M794 was at the low end of the performance distribution. The 
other alloys with predominantly a single alloying addition, 
Violet, 279, and MaxRel Plus, were in the middle of the 
performance distribution and qualitatively consistent with the 
BGA results.  
 
These comparisons of results for the 1206 resistor and two 
BGA components emphasize the potential limitation and risk 
of using a single component or single component type to 
develop thermal cycling test data for making informed 
reliability decisions for different product applications.    
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