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1.0 Abstract

Thermal cycle testing was conducted by Boeing Phantom Works (Seattle) for the Joint Council
on Aging Aircraft/Joint Group on Pollution Prevention (JCAA/JG-PP) Lead-Free Solder Project.
The JCAA/JG-PP Consortium is the first group to test the reliability of lead-free solder joints
against the requirements of the aerospace/military community.

The solder alloys selected for test were:

Sn3.9Ag0.6Cu for reflow and wave soldering
Sn3.4Ag1.0Cu3.3Bi for reflow soldering
Sn0.7Cu0.05Ni for wave soldering

Sn37Pb for reflow and wave soldering

Test vehicles were assembled using these solders and a variety of component types and the test
vehicles were thermally cycled from -20°C to +80°C. At the time that this report was written,
27,135 thermal cycles had been accumulated.

The solder joints on the components were electrically monitored using event detectors and any
solder joint failures were recorded on a Labview-based data collection system. The failures of a
given component type attached with SnPb solder were compared to the failures of the same
component type attached with lead-free solders by using Weibull analysis.

2.0 Background

Recently, legislation was passed in Europe to ban the use of lead (and other materials) in new
electronics starting 1 July 2006. The legislation actually banning lead is called the RoHS
(Restriction of Hazardous Substances). The legislation that governs the re-use and recycling of
electronics waste is called the Waste from Electrical and Electronic Equipment (WEEE)
Directive.

Japan also has become focused on lead-free electronics. Many of the major electronics
companies (e.g., Hitachi, NEC, NTT, Panasonic) have announced lead reduction targets and the
move to lead-free electronics is supported by JEITA (the Japan Electronics and Information
Technology Industries Association). These companies view lead-free as a marketing tool that
will allow them to gain market share from their foreign competitors.

Aerospace and military electronics are currently exempt from the European legislation.
However, as the international commercial electronics industry changes over to lead-free
technology in order to satisfy the European legislation, it will become increasingly difficult for
aerospace and military programs to procure electronics made with SnPb solder. For this reason,
a DoD sponsored consortium was founded in May of 2001 to evaluate lead-free solders and
finishes and to determine whether they are suitable for use in high reliability electronics. This
consortium was jointly managed by the Joint Council on Aging Aircraft (JCAA) and the Joint
Group on Pollution Prevention (JG-PP). The consortium’s project was called the JCAA/JG-PP
Lead-Free Solder Project and its members were from all branches of the Armed Services, NASA,
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Boeing, Rockwell-Collins, Raytheon, BAE Systems, ACI, Lockheed Martin, Texas Instruments,
NCMS, JPL, Sandia National Labs and Marshall Space Flight Center among others.

The consortium wrote a test plan called the Joint Test Protocol (JTP') which described the
testing to be done. The testing included thermal cycling, thermal shock, vibration, mechanical
shock, combined vibration/thermal cycling, electromigration, SIR, salt fog and humidity testing.

A test vehicle was designed and the lead-free solders to be tested were chosen. The solder
selection process was documented in the Potential Alternatives Report (PAR?).

The test vehicle was a six-layer circuit board 14.5 inches wide by 9 inches high by 0.090 inches
thick. A break-off coupon populated with chip resistors and chip capacitors was attached to one
side of the main test vehicle. With the break-off coupon removed, the main test vehicle was
12.75 in. by 9 inches in size and was populated with 55 components consisting of ceramic
leadless chip carriers (CLCC’s), plastic leaded chip carriers (PLCC’s), Alloy 42 TSOP’s,
TQFP’s, BGA’s, and PDIP’s (Figure 1). The components contained internal wire bonds so that
once mounted on the test vehicle, each component completed an electrical circuit that could be
monitored during testing. Failure of a solder joint would cause a break in the electrical circuit
that could be detected by an event detector. Each test vehicle also had a daisy-chain of twelve
0.016 inch diameter plated thorough holes so that the reliability of the holes could be determined.
The plated through holes were filled with solder during the wave solder operation. Each
component location on the test vehicles was given a unique reference designator number.

The solder alloys selected for test were:

Sn3.9Ag0.6Cu for reflow and wave soldering (abbreviated as SAC)
Sn3.4Ag1.0Cu3.3Bi for reflow soldering (abbreviated as SACB)
Sn0.7Cu0.05Ni for wave soldering (abbreviated as SnCu)

Sn37Pb for reflow and wave soldering (abbreviated as SnPb)

The SAC alloy was chosen because extensive testing by NEMI suggests it is a viable candidate
for use in lead-free commercial electronics. The SACB alloy was chosen because it was the best
performer in the large 2001 NCMS study®. The SnCu alloy was chosen because it has been
widely used in Asia with good results. Finally, SnPb was included to act as the control alloy.

The test vehicles were divided into two types. The first type (named “Manufactured” test
vehicles) were made using a laminate with a high glass transition temperature (Tg of 170 degrees
C) and an immersion silver board finish. The “Manufactured” test vehicles were meant to be
representative of a printed wiring assembly (PWA) designed for manufacture using lead-free
solders and lead-free reflow and wave soldering profiles. Tables 1 and 2 list the components
used on the “Manufactured” test vehicles and “Manufactured” control test vehicles; the finish on
each component; and the solders used. The CLCC’s with a lead-free pad finish were produced
by robotic dipping of gold-plated CLCC’s into the respective molten solders (Sn3.9Ag0.6Cu or
Sn3.4Ag1.0Cu3.3Bi). The robotic dipping was done at Corfin Industries in Salem, NH.
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The second type (named “Rework” test vehicles) were made using a laminate with a low glass
transition temperature (Tg of 140 degrees C) and a tin/lead HASL board finish. The “Rework”
test vehicles were meant to be representative of a typical tin/lead PWA that will have to be
reworked using lead-free solders in the future. The “Rework” test vehicles were initially built
using tin/lead solder and a tin/lead board finish and using typical tin/lead reflow and wave
soldering profiles. Selected components on the “Rework” test vehicles were then removed;
residual tin/lead solder was cleaned from the pads using solder wick; and new components were
attached using a lead-free solder. Components on the “Rework” control test vehicles were
reworked with tin/lead solder rather than a lead-free solder. In general, solder wire was used for
reworking the components. The BGA’s, however, were replaced using flux only and the balls
were reflowed using a hot air rework station to form the solder joints. All rework was done at
BAE Systems in Irving, Texas.

Two hundred and five test vehicles were assembled at BAE Systems in Irving, Texas. One
hundred and nineteen of these test vehicles were “Manufactured” PWA’s and eighty six were
“Rework” PWA’s. Eight components were reworked on each of the “Rework” test vehicles (two
BGA'’s; two TSOP’s; two PDIP’s; and two TQFP-208’s).

The reflow profiles used for the SnPb and the lead-free solder pastes are shown in Figures 2 and
3. A 6-mil laser cut stencil was used during paste application. Wave soldering with SnPb was
done at BAE Systems and the lead-free wave soldering was done at Vitronics-Soltec in New
Hampshire.

On the “Manufactured” test vehicles, some CLCC’s were finished with SnPb (on the pads and in
the castellations) which resulted in lead-free solder joints contaminated with Pb after assembly
(i.e., components U9, U13, U22, U46 and U53). Also, some of the TSOP’s had a SnPb finish
which resulted in lead-free solder joints contaminated with Pb (i.e., components U16, U24, U26,
U40 and U62). In addition, BGA’s U2, U5, U21, U44 and U56 combined SnPb balls with the
lead-free solders. This mixing was done intentionally in order to determine the effects of lead-
contamination upon lead-free solder reliability. Inductively coupled plasma (ICP) spectroscopy
was used by Boeing to quantify the amount of Pb in the solder joints on two of the
“Manufactured” test vehicles (see Table 3; Test Vehicle ID #’s 80 and 119). The solder joints
were removed with a scalpel, dissolved in acid, and the solution was analyzed by ICP
spectroscopy.

Similarly, on the “Rework” test vehicles, all of the solder joints contained Pb. The components
that were reworked using lead-free solders picked up residual Pb from the pads on the test
vehicles (i.e., TSOP’s U12 and U25; BGA’s U4 and U18; PDIP’s U23 and U59; and TQFP-
208’s U3 and U57). Other components had lead-free finishes but since they were attached to the
“Rework” test vehicles using SnPb solder, the final solder joints contained large amounts of Pb
(CLCC’s U9, U10, U13, U14, U17, U22, U45, U46, U52, U53; and BGA’s U2, U5, U6, U21,
U43, U44, U55, U56). Again, inductively coupled plasma (ICP) spectroscopy was used to
quantify the amount of Pb in the solder joints on two of the “Rework” test vehicles (see Table 3;
Test Vehicle ID #’s 158 and 186).
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All of the ICP analyses appeared reasonable with the possible exception of the QFP-208
analysis. The copper content in the QFP-208 solder joints was 6.63% which is higher than
expected. It is possible that the excess copper was removed from the test vehicle pads when the
solder joints were cut from the test vehicle using a scapel.

3.0 Objective and Approach

The objective of this study was to determine the effects of thermal cycling (-20°C to +80°C) on
the relative reliability of lead-free and tin/lead solder joints (i.e., which solder survives the
longest).

Fifteen “Manufactured” test vehicles were delivered to Boeing for thermal cycle testing. No
“Rework” test vehicles were tested with the -20°C to +80°C thermal cycle, however. Before
beginning the testing, the break-off coupons (populated with 10 chip resistors and 300 chip
capacitors) were removed from the main test vehicles.

The Thermotron thermal cycling chamber used for this test is shown in Figure 4. The test
vehicles were held vertically in racks (see Figure 5) which allowed airflow between the vehicles.
The thermal cycle used was -20°C to +80°C with dwell times of 30 minutes (hot dwell) and 10
minutes (cold dwell) and ramp rates of approximately 9.5°C/minute (cooling) and 7.2°C/minute
(heating). Figure 6 shows actual air and test vehicle temperatures recorded during the test.

Each of the 55 components on each test vehicle were individually monitored using Analysis
Tech 256STD Event Detectors (set to a 300 ohm threshold) combined with Labview-based data
collection software (Figure 7). In addition, twenty 1206 chip resistors for each solder type (on
the break-off coupons) were individually monitored. The chip capacitors on the break-off
coupons were not electrically monitored but coupons were periodically removed from the test so
that microsections could be prepared at a later date.

For those component types that had a significant number of failures, Weibull plots of the failure
data were created to determine the beta (slope) and the characteristic lifetime (time to fail 63.2%
of the population, also called alpha or eta) for each component type. In some cases, the last few
components to fail were suspended because the data points fell well off of the linear portion of
the Weibull plot. No early component failures were suspended except for the first SAC TQFP-
208 failure.

Using the following equation, the number of cycles required to fail a specific percentage of
components, F(t), can be calculated if alpha and beta are known.

tp = o [-In{1-F(t)*0.01}]*"
One of the goals of this test was to produce enough failures of each component type so that the

data could be used to verify reliability models that are being developed for SnPb and lead-free
solders.
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4.0 Results and Discussion (“Manufactured” Test Vehicles)

At the time this report was written, 27,135 thermal cycles had been completed. All of the
ceramic leadless chip carriers (CLCC’s) and TSOP’s had failed. Most of the BGA’s had failed
(SnPb solder/SnPb balls; SAC solder/SAC balls; SACB solder/SAC balls; and mixed
technologies) and most of the TQFP-144’s had failed.

4.1 CLCC-20’s

When used with CLCC’s, SACB is much more reliable than SAC which in turn is more reliable
than SnPb. A Weibull plot of the data is shown in Figure 8.

Contamination of the SAC and SACB solder joints with Pb (approximately 17%) reduced the
reliability of both lead-free solders with SACB exhibiting the greatest reduction. The early
failure of the SACB solder joints is presumably due to the formation of a low melting ternary
165n32Pb52Bi alloy (m.p. 96°C)”.

4.2 TSOP-50’s

With the Alloy 42 TSOP’s, SACB and SAC demonstrated equivalent reliability and both solders
were more reliable than SnPb (Figure 9).

Contamination of the SACB solder joints with Pb (from a SnPb component finish) resulted in a
dramatic reduction in reliability, presumably due to the formation of the low melting ternary
16Sn32Pb52Bi alloy (m.p. 96°C). The amount of Pb in these solder joints was approximately
3% as determined by ICP spectroscopy. By comparison, the negative effect of Pb contamination
on the SAC solder joints was much smaller.

4.3 BGA-225’s

At 27,135 cycles, all of the contol BGA’s (SnPb solder/SnPb balls) and the mixed technology
BGA'’s (lead-free solder/SnPb balls) had failed. Most of the SAC BGA’s (SAC solder/SAC
balls) had also failed but only one third of the BGA’s with SAC balls soldered with SACB paste
had failed. This demonstrates the positive effect that addition of small amounts of bismuth can
have on the reliability of SAC. Based on these test results, we can conclude that SACB and SAC
solder (combined with SAC405 solder balls) are both more reliable than SnPb.

SAC solder combined with SnPb balls had greatly reduced reliability compared to the SnPb
controls as evidenced by early failures and a very low Weibull beta value. The reflow profile
used (see Figure 3) should have resulted in complete mixing of the solders which was verified by
visual inspection of a microsection.

SACB solder combined with SnPb balls had a population that failed very early and a population

that failed at about the same time as the SnPb controls. The data suggests that mixing of lead-free
and tin lead solders is best avoided.
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A Weibull plot of the all of the BGA data is shown in Figure 10.
4.4 TQFP-144’s

With the TQFP-144’s (Sn finish), SACB was more reliable than SAC solder which in turn was
more reliable than eutectic SnPb solder (see Figure 11).

4.5 TQFP-208’s

The lead-free solders (SAC and SACB) clearly outperformed SnPb solder. No SACB failures
were observed and only five SAC failures were recorded. The first SAC failure (on Cycle
10470) was suspended and is not shown on the Weibull plot (Figure 12).

4.6 PLCC-20’s, PDIP-20’s
At 27,135 cycles, no PLCC or PDIP failures were observed.
4.7 Chip Resistors

The 1206 chip resistors soldered with SAC appeared to be the best performer (only two failures
were observed which did not allow the calculation of meaningful Weibull parameters). Also, the
Weibull beta (slope) number was relatively low for the SnPb solder joints. Low beta numbers
have been observed in other thermal cycling tests of chip resistor solder joints (see Reference 5
and Table D-1 in Appendix D).

4.8 Plated-Through Holes (PTH’s)

At the end of the test, only one PTH net had failed (out of 15 nets). The failure was on Test
Vehicle 94 (assembled with SAC solder) and occurred on Cycle 22,126.

The overall test results are summarized in Figure 14. The number of thermal cycles needed to
fail 50% of the component population are shown for each solder/component combination. In
every case, the lead-free solders outperformed eutectic SnPb solder regardless of the component
type. The lead-free solders performed much better than SnPb solder when used with compliant
components (TQFP’s and BGA’s). The performance of the lead-free solders was only slightly
better than SnPb solder when used with non-compliant components (ceramic LCC’s and Alloy
42 TSOP’s).

Appendices A-C list material properties needed for modeling of the test results. Appendix A
gives the material properties of the JG-PP “Manufactured” test vehicle laminate (modulus,
Poisson’s ratio, and CTE values). Appendix B gives characterization data for the BGA-225
components (dimensions and material properties). Appendix C gives CTE measurements for the
other components used on the JG-PP test vehicles. A Netzsch 402 Dilatometer was used to make the
CTE measurements.
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5.0 Published Reliability Data

A literature search was conducted to collect published Weibull parameters for SnPb and lead-
free solders (mainly SnAgCu alloys) used with various component types (see Appendix D). The
data from the literature search showed that eutectic SnPb solder outperforms SAC when the
solders are used with components that have a large CTE mismatch with the printed wiring board
laminate (e.g., CLCC’s and Alloy 42 TSOP’s) and tested using a thermal cycle with a large delta
T (e.g., -55°C to 125°C). The assumption is that conditions that highly stress the solder joints by
maximizing the CTE difference between the PWB and the component will favor SnPb over
SAC. Conversely, conditions that minimize the stress put on the solder joints (e.g., compliant
components such as BGA’s and/or a thermal cycle with a smaller delta T) will favor SAC over
SnPb. These assumptions are consistent with the results of this current test.

These assumptions are also supported by the findings of J.P. Clech who analyzed the available
literature data and was able to demonstrate that with shear strains of greater than 6.2%, SnPb is
more reliable than SAC while the reverse is true with lesser shear strains®.  Most
military/aerospace field conditions will result in solder joint shear strains much less than 6.2%.

These observations raise the question “Which thermal cycle will give test results that best predict
the behavior of solders under field conditions?” The best answer is that models need to be
developed (and verified with thermal cycle test data from this and other tests) which can be used
to accurately predict field lifetimes for lead-free solders used with different component types. A
verified model will allow field lifetimes to be predicted for any component on any circuit
assembly design under any field condition.

6.0 Conclusions and Recommendations

Under the conditions of this test, Sn3.9Ag0.6Cu (SAC) and Sn3.4Ag1.0Cu3.3Bi (SACB) were
always more reliable than eutectic SnPb regardless of component type (CLCC, TSOP, BGA or
TQFP).

It has been shown that conditions that highly stress the solder joints by maximizing the CTE
difference between the PWB and the component will favor SnPb over SAC®. Conversely,
conditions that minimize the stress put on the solder joints (e.g., compliant components such as
BGA'’s and/or a thermal cycle with a small delta T) will favor SAC over SnPb. The current test
falls into the latter category and we can say with some confidence that the lead-free alloys tested
will outperform eutectic SnPb under field conditions that are even less stressful than the -20 to
+80°C thermal cycle test conditions.

Models need to be developed (and verified with actual thermal cycle test data from this and other
tests) which can be used to accurately predict field lifetimes for lead-free solders used with
different component types. A verified model will allow field lifetimes to be predicted for any
component on any circuit assembly design.

Contamination of the SACB solder joints with Pb resulted in a dramatic reduction in reliability,
presumably due to the formation of the low melting ternary 16Sn32Pb52Bi alloy (m.p. 96°C).
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By comparison, the negative effect of Pb contamination on the SAC solder joints was generally
much smaller. To ensure maximum reliability, SACB solder should not be used when there is a
chance that it may be mixed with SnPb solder.
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Table 1. Test Vehicle Key (“Manufactured” Test

Vehicles — Controls)

Test Vehicle ID Numbers: 20 through 24

Reference - Wave Solder Alloy
Designator Component |Component Finish] Reflow Solder Alloy (DIP's only)
Ul TQFP-144 Sn SnPb
U2 BGA-225 SnPb SnPb
U3 TQFP-208 NiPdAu SnPb
U4 BGA-225 SnPb SnPb
us BGA-225 SnPb SnPb
U6 BGA-225 SnPb SnPb
U7 TQFP-144 Sn SnPb
us PDIP-20 NiPdAu SnPb
U9 CLCC-20 SnPb SnPb
U10 CLCC-20 SnPb SnPb
Ul1l PDIP-20 Sn SnPb
U12 TSOP-50 SnPb SnPb
U13 CLCC-20 SnPb SnPb
uUl4 CLCC-20 SnPb SnPb
Ul5 PLCC-20 Sn SnPb
uUl6e TSOP-50 SnPb SnPb
u1l7 CLCC-20 SnPb SnPb
uUl18 BGA-225 SnPb SnPb
U19 CSP-100 SnPb SnPb
U220 TQFP-144 Sn SnPb
u21 BGA-225 SnPb SnPb
u22 CLCC-20 SnPb SnPb
u23 PDIP-20 NiPdAu SnPb
u24 TSOP-50 SnPb SnPb
u25 TSOP-50 SnPb SnPb
uU26 TSOP-50 SnPb SnPb
u27 PLCC-20 Sn SnPb
u28 PLCC-20 Sn SnPb
u29 TSOP-50 SnPb SnPb
U30 PDIP-20 Sn SnPb
U31 TQFP-208 NiPdAu SnPb
U32 Hybrid-30 SnPb SnPb
U33 Hybrid-30 SnPb SnPb
U34 TQFP-208 NiPdAu SnPb
U35 PDIP-20 NiPdAu SnPb
U36 CSP-100 SnPb SnPb
u37 CSP-100 SnPb SnPb
u38 PDIP-20 Sn SnPb
U39 TSOP-50 SnPb SnPb
U40 TSOP-50 SnPb SnPb
U41 TQFP-144 Sn SnPb
uU42 CSP-100 SnPb SnPb
U43 BGA-225 SnPb SnPb
U44 BGA-225 SnPb SnPb
uU45 CLCC-20 SnPb SnPb
U46 CLCC-20 SnPb SnPb
u47 PLCC-20 Sn SnPb
U48 TQFP-208 NiPdAu SnPb
U49 PDIP-20 NiPdAu SnPb
U50 Hybrid-30 SnPb SnPb
U51 PDIP-20 Sn SnPb
U52 CLCC-20 SnPb SnPb
U53 CLCC-20 SnPb SnPb
U54 PLCC-20 Sn SnPb
U55 BGA-225 SnPb SnPb
U56 BGA-225 SnPb SnPb
us57 TQFP-208 NiPdAu SnPb
U58 TQFP-144 Sn SnPb
U59 PDIP-20 NiPdAu SnPb
U60 CSP-100 SnPb SnPb
U6l TSOP-50 SnPb SnPb
u62 TSOP-50 SnPb SnPb
U63 PDIP-20 Sn SnPb
Break-Off Coupons
R1 Chip Resistor Sn SnPb
R2 Chip Resistor Sn SnPb
R3 Chip Resistor Sn SnPb
R4 Chip Resistor Sn SnPb
R5 Chip Resistor Sn SnPb
R6 Chip Resistor Sn SnPb
R7 Chip Resistor Sn SnPb
R8 Chip Resistor Sn SnPb
R9 Chip Resistor Sn SnPb
R10 Chip Resistor Sn SnPb
Chip Capacitors Sn SnPb

Hybrids and CSPs were left off of the test vehicles.
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Table 2. Test Vehicle Key (“Manufactured” Test

Vehicles)

Test Vehicle ID Numbers:

90 through 94

Test Vehicle ID Numbers:

129 through 133

Wave Solder

I)R:ng::tc:r Component [Component Finish Refliv:/k,s;lder Alloy Component Finish Refk;\v;IIDS;Ider Wa‘(lglif:i(:lxloy
(DIP's only)
Ul TQFP-144 Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
U2 BGA-225 SnPb Sn3.9Ag0.6Cu SnPb Sn3.4Ag1Cu3.3Bi
U3 TQFP-208 NiPdAu Sn3.9Ag0.6Cu NiPdAu Sn3.4Ag1Cu3.3Bi
U4 BGA-225 SnAgCu Sn3.9Ag0.6Cu SnAgCu Sn3.4Ag1Cu3.3Bi
U5 BGA-225 SnPb Sn3.9Ag0.6Cu SnPb Sn3.4Ag1Cu3.3Bi
ue BGA-225 SnAgCu Sn3.9Ag0.6Cu SnAgCu Sn3.4Ag1Cu3.3Bi
u7 TQFP-144 Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
us PDIP-20 NiPdAu Sn3.9Ag0.6Cu NiPdAu Sn0.7Cu0.05Ni
U9 CLCC-20 SnPb Sn3.9Ag0.6Cu SnPb Sn3.4Ag1Cu3.3Bi
ul1o0 CLCC-20 Sn3.9Ag0.6Cu Sn3.9Ag0.6Cu Sn3.4Ag1Cu3.3Bi Sn3.4Ag1Cu3.3Bi
Ull PDIP-20 Sn Sn3.9Ag0.6Cu Sn Sn0.7Cu0.05Ni
U12 TSOP-50 SnCu Sn3.9Ag0.6Cu SnCu Sn3.4Ag1Cu3.3Bi
Ul3 CLCC-20 SnPb Sn3.9Ag0.6Cu SnPb Sn3.4Ag1Cu3.3Bi
Uil4 CLCC-20 Sn3.9Ag0.6Cu Sn3.9Ag0.6Cu Sn3.4Ag1Cu3.3Bi Sn3.4Ag1Cu3.3Bi
U15 PLCC-20 Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
U16 TSOP-50 SnPb Sn3.9Ag0.6Cu SnPb Sn3.4Ag1Cu3.3Bi
ul17 CLCC-20 Sn3.9Ag0.6Cu Sn3.9Ag0.6Cu Sn3.4Ag1Cu3.3Bi Sn3.4Ag1Cu3.3Bi
uis BGA-225 SnAgCu Sn3.9Ag0.6Cu SnAgCu Sn3.4Ag1Cu3.3Bi
uU19 CSP-100 SnAgCu Sn3.9Ag0.6Cu SnAgCu Sn3.4Ag1Cu3.3Bi
U20 TQFP-144 Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
U21 BGA-225 SnPb Sn3.9Ag0.6Cu SnPb Sn3.4Ag1Cu3.3Bi
u22 CLCC-20 SnPb Sn3.9Ag0.6Cu SnPb Sn3.4Ag1Cu3.3Bi
u23 PDIP-20 NiPdAu Sn3.9Ag0.6Cu NiPdAu Sn0.7Cu0.05Ni
u24 TSOP-50 SnPb Sn3.9Ag0.6Cu SnPb Sn3.4Ag1Cu3.3Bi
U25 TSOP-50 SnCu Sn3.9Ag0.6Cu SnCu Sn3.4Ag1Cu3.3Bi
U26 TSOP-50 SnPb Sn3.9Ag0.6Cu SnPb Sn3.4Ag1Cu3.3Bi
u27 PLCC-20 Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
U28 PLCC-20 Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
U29 TSOP-50 SnCu Sn3.9Ag0.6Cu SnCu Sn3.4Ag1Cu3.3Bi
u30 PDIP-20 Sn Sn3.9Ag0.6Cu Sn Sn0.7Cu0.05Ni
U3l TQFP-208 NiPdAu Sn3.9Ag0.6Cu NiPdAu Sn3.4Ag1Cu3.3Bi
U32 Hybrid-30 Sn3.9Ag0.6Cu Sn3.9Ag0.6Cu Sn3.4Ag1Cu3.3Bi Sn3.4Ag1Cu3.3Bi
U33 Hybrid-30 Sn3.9Ag0.6Cu Sn3.9Ag0.6Cu Sn3.4Ag1Cu3.3Bi Sn3.4Ag1Cu3.3Bi
u34 TQFP-208 NiPdAu Sn3.9Ag0.6Cu NiPdAu Sn3.4Ag1Cu3.3Bi
U35 PDIP-20 NiPdAu Sn3.9Ag0.6Cu NiPdAu Sn0.7Cu0.05Ni
uU36 CSP-100 SnAgCu Sn3.9Ag0.6Cu SnAgCu Sn3.4Ag1Cu3.3Bi
u37 CSP-100 SnAgCu Sn3.9Ag0.6Cu SnAgCu Sn3.4Ag1Cu3.3Bi
u38 PDIP-20 Sn Sn3.9Ag0.6Cu Sn Sn0.7Cu0.05Ni
U39 TSOP-50 SnCu Sn3.9Ag0.6Cu SnCu Sn3.4Ag1Cu3.3Bi
U40 TSOP-50 SnPb Sn3.9Ag0.6Cu SnPb Sn3.4Ag1Cu3.3Bi
U4l TOQFP-144 Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
u42 CSP-100 SnAgCu Sn3.9Ag0.6Cu SnAgCu Sn3.4Ag1Cu3.3Bi
U43 BGA-225 SnAgCu Sn3.9Ag0.6Cu SnAgCu Sn3.4Ag1Cu3.3Bi
U44 BGA-225 SnPb Sn3.9Ag0.6Cu SnPb Sn3.4Ag1Cu3.3Bi
U45 CLCC-20 Sn3.9Ag0.6Cu Sn3.9Ag0.6Cu Sn3.4Ag1Cu3.3Bi Sn3.4Ag1Cu3.3Bi
U46 CLCC-20 SnPb Sn3.9Ag0.6Cu SnPb Sn3.4Ag1Cu3.3Bi
u47 PLCC-20 Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
U48 TQFP-208 NiPdAu Sn3.9Ag0.6Cu NiPdAu Sn3.4Ag1Cu3.3Bi
U49 PDIP-20 NiPdAu Sn3.9Ag0.6Cu NiPdAu Sn0.7Cu0.05Ni
U50 Hybrid-30 Sn3.9Ag0.6Cu Sn3.9Ag0.6Cu Sn3.4Ag1Cu3.3Bi Sn3.4Ag1Cu3.3Bi
U51 PDIP-20 Sn Sn3.9Ag0.6Cu Sn Sn0.7Cu0.05Ni
U52 CLCC-20 Sn3.9Ag0.6Cu Sn3.9Ag0.6Cu Sn3.4Ag1Cu3.3Bi Sn3.4Ag1Cu3.3Bi
U53 CLCC-20 SnPb Sn3.9Ag0.6Cu SnPb Sn3.4Ag1Cu3.3Bi
U54 PLCC-20 Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
US55 BGA-225 SnAgCu Sn3.9Ag0.6Cu SnAgCu Sn3.4Ag1Cu3.3Bi
U56 BGA-225 SnPb Sn3.9Ag0.6Cu SnPb Sn3.4Ag1Cu3.3Bi
U57 TQFP-208 NiPdAu Sn3.9Ag0.6Cu NiPdAu Sn3.4Ag1Cu3.3Bi
U58 TQFP-144 Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
U59 PDIP-20 NiPdAu Sn3.9Ag0.6Cu NiPdAu Sn0.7Cu0.05Ni
U60 CSP-100 SnAgCu Sn3.9Ag0.6Cu SnAgCu Sn3.4Ag1Cu3.3Bi
U61 TSOP-50 SnCu Sn3.9Ag0.6Cu SnCu Sn3.4Ag1Cu3.3Bi
U62 TSOP-50 SnPb Sn3.9Ag0.6Cu SnPb Sn3.4Ag1Cu3.3Bi
uU63 PDIP-20 Sn Sn3.9Ag0.6Cu Sn Sn0.7Cu0.05Ni
Break-Off Coupons
R1 Chip Resistor Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
R2 Chip Resistor Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
R3 Chip Resistor Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
R4 Chip Resistor Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
R5 Chip Resistor Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
R6 Chip Resistor Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
R7 Chip Resistor Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
R8 Chip Resistor Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
R9 Chip Resistor Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
R10 Chip Resistor Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi
Chip Capacitors Sn Sn3.9Ag0.6Cu Sn Sn3.4Ag1Cu3.3Bi

Hybrids and CSPs were left off of the test vehicles.
SnAgCu BGA balls were Sn4.0Ag0.5Cu.

11

EM/P-600




M.O.LE.® STATUS
Max Internal T: 29C
Battery: 4.452
Points: 422

Active: 123456
Interval: 00:00:01.0

Date: 03/15/04
Time: 16:36:32 V08.58

Tool status box

SnPb base wiparts

320/200/210/260/320/300
fixed T/C repeat run

243

320/200/210/260/320/300 g

SnPb 26"/min Line #3 oven m
/
J
s T Toonios 18[00 (Time)— TOT00 TOZ00F TO30F TOA007 TO5007 TOB007
. Value C1=00:01:24r | C2=00:02:48r C3 = 00:04:12r C4=00:05:36r | Units
c11 embedded U2 bga 114 | 158 182 | 185 | _degC
Vc7 embedded U42 csp 119 | 158 186 | C
|+ ¥ic3 topside laminate U44 bga 14 153 L ~ | degC
» Wc8 embedded U44 bga 91 148 176 | 190 | degC
= t/ch topside laminate U42 csp 148 | 162 198 | 130 | __degC
|+ t/c9 embedded U37 csp 91 158 181 | 211 | degC
| TAboveRef _ Low=140 _Med=183 | Hi=230 | CureFactor | Units
» /c11 embedded U2 bga 00:04:14 00:01:24 00:00:00 0% | degC
* t/c7 embedded U42 csp 00:04:16 00:01:30 | 00:00:00 0% | degC
- 1/c3 topside laminate U44 bga 00:04:12 00:01:23 00:00:00 0% | degC
" _[/c8 embedded U44 bga 00:03:50 00:01:18 00:00:00 0% | degC
= t/c5 topside laminate U42 csp 00:04:14 00:01:34 00:00:23 0% ;| chC’
+ /e embedded U37 csp 00:04:16 00:01:35 | 00:00:00 0% degC
- o ~ Statistics Minimum | Minimum X | Maximum | MaximumX = Average is,t,d Deviation | Units
* Itfc11 embedded U2 bga 25 | oo00:00r | 222 00:05:02r 1407 | 554 | degC
= t/c7 embedded U42 csp 25 | 00:00:04r 224 00:05:01r 140.6 | 55.3 | degC
_+ W/c3 topside laminate U44 bga 26 00:00:00r 222 00:05:04r 1384 540 | degC
I8 embedded U44 bga 26 00:00:00r 212 00:05:09r 133.2 544 | degC
= t/c5 topside laminate U42 csp 25 00:00:00r 233 00:04:44r 143.3 56.8 | degC
- e embedded U37 csp 25 00:00:00r | 225 | 00:05:14r 139.4 595 | degC

Figure 2. Reflow Profile for SnPb Solder Paste (from BAE Systems)

12

Preheat = ~ 120 seconds @140-

Peak temperature target = 225°C
Reflow target:

60-90 sec above 183°C
Ramp Rate = 2-3 °C/sec
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M.O.LE® STATUS
Max Internal T: 40C
Battery: 4.805

Points: 443

Aclive: 1X3456
Interval: 00:00:01.0
Date: 04/03/04

Time: 15:35:36 V08,58

280

220

180
187

Tool status box

Senju SnagCu

32V2AN2TOI00NI20NIN0
BEST NO LEAD Profile

93
2
B
A degC
T [ g 0 o Time: TOZ007 TO3007 TOR00% TOST00F TOGI0F T7 00
| Value C1=00:0213r = C2=00:03:59¢ C3=00:04:38r | C4=00:05:53r Units
« {tic1 Mopside U41 158 20 230 183 degC
te2 under U4d BGA
+ Ve2d lopside Udd 141 182 208 221 degC
tcd under U2 BGA 190 220 degC
: U5 54 ¢ 225 198 deaC
t/'ch lopside U2 155 199 227 191 degC
| T Above Ref Low =150 Med = 190 Hi =220 Cure Factor Units.
= el 1lopside U41 00:04:23 00:02:09 00:01:12 0% degC
tc2 under U44 BGA
+ tc24 lopside U4dd 00:02:06 00:01:00 0% degC
10 00:01:15 0% degC
i 1 0D:01:11 0% decC
0c 00:02:08 00:01:13 0% degC
| Statistics | Minimum | Minimum X | i Aaxi X | A g Std Devi Units
* Vclttopside U41 23 00:00:00r 248 00:05:10r 155.4 60.2 degC
Y2 under Ud4d BGA |
* Vo4 topside Udd 23 00:00:00r 238 O0:05:260 148.2 B63.2
Wed U2 BGA - 24 | 00:00:00 24 00:05:150 153.1 3.2
J57 2 24f 154.1 62.0
lopside U2 _ - 23 245 154.4 51.0

Preheat = 60-120 seconds @150-

Peak temperature target = 243°C
Reflow target:

~30-90 seconds above 220°C

Figure 3. Reflow Profile for SnAgCu and SnAgCuBi Solder Pastes (from BAE Systems)
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Table 3. Chemical Analysis of Solder Joints Contaminated with Pb

(by ICP Spectroscopy). Note: Test Vehicles 80 and 119
Were “Manufactured” Test Vehicles; Test Vehicles 158

and 186 Were “Rework” Test Vehicles.

Component | Ref. Des. Test | peworked? | Component Finish | 203 Solder %Ag %Cu %Pb %Sn %Bi %Au
Vehicle ID Finish

CLCC U9 80 no SnPb Ag Sn3.9Ag0.6Cu 2.50 0.72 16.48 | 80.04 0.05 0.21
CLCC U9 119 no SnPb Ag Sn3.4AgL.OCU3.3Bi | 2.23 0.82 16.76 | 78.07 1.94 0.18
CLCC U9 158 no Sn3.9Ag0.6Cu SnPb SnPb 1.52 0.62 2272 | 7511 0 0.03
CLCC U9 186 no Sn3.4AgL.0Cu3.3Bi | SnPb SnPb 1.32 0.57 22.93 | 73.86 1.30 0.02

TSOP U26 80 no SnPb Ag Sn3.9Ag0.6Cu 3.67 112 2.84 92.36 0.01 0

TSOP U26 119 no SnPb Ag Sn3.4AgL.0Cu3.3Bi | _ 3.16 1.98 3.05 89.01 2.80 0

TSOP u12 158 yes snCu Rgﬂg‘t‘)a' Sn3.9Ag0.6Cu 3.31 2.12 0.86 93.71 0 0

Residual .

TSOP u12 186 yes SnCu app | Sn34AglocussBi | 2.89 1.98 1.06 91.52 255 0
BGA U55 158 no Sn4.0Ag0.5Cu SnPb SnPb 3.42 0.70 4.37 91.33 0.18
BGA U4 158 yes Sn4.0Ag0.5Cu Rg‘;'g‘;a' Flux Only 3.86 0.88 0.31 94.69 0 0.26
BGA U4 186 yes Sn4.0Ag0.5Cu Rgsr‘]'g‘;a' Flux Only 3.81 0.99 0.30 94.66 0 0.24
PDIP U59 158 yes NiPdAu Rgsr‘]'g‘t‘)a' Sn3.9Ag0.6Cu 3.50 0.99 2.98 92.53 0 0
PDIP U59 186 yes NiPdAU Rg‘;'g‘;a' Sn0.7Cu0.05Ni 0 1.04 0.38 98.58 0 0

. Residual
QFP-208 U3 158 yes NiPdAu SnPb Sn3.9Ag0.6Cu 3.34 6.63* 1.13 88.89 <0.05 <0.05

* Copper may have been removed from pads when solder joints were cut from vehicle
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Figure 4. Thermal Cycle Chamber

Figure 5. Test Vehicles in Thermal Cycle Chamber
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Figure 6. Thermal Cycle (-20°C to +80°C)

Figure 7. Event Detector?Gand Data Collection System
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Weibull
SnAgCu/SnAgCu
-

@

W2 RRX - SRM MED

Fo

F=25/S=0

FACA
v

5/

(&

o,

SnAgCu/SnPb
——

R (4
¥

W2 RRX - SRM MED

v
,:
v
v
v
v
v

F=25/S=0

O

W2 RRX - SRM MED
F=23/S=2
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-
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/57

W2 RRX - SRM MED

F=25/S=0

o)

SnPb/SnPb

7vo

-
W2 RRX - SRM MED

<

F=50/S=0

Thermal Cycles (-20 to +80 deg. C)

10000.00

SnAgCuBi/SnAgCuBI
—=

B1=5.6953, n1=2360.2202, p=0.9746
2=6.5336, n2=1721.3891, p=0.9075
33=8.5259, n3=3813.6398, p=0.9434
4=8.2285, n4=1950.4921, p=0.9426
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Key: Solder Alloy/Component Finish

Figure 8. Weibull Plot of CLCC-20 Data (“Manufactured” Test Vehicles)
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-
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&
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——

W2 RRX - SRM MED

/%O
/

F=48/S=2

100.00
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1000.00

10000.00

B1=6.7368, n1=4141.0646, p=0.9827
$2=9.1193, n2=3513.0869, p=0.9920
3=6.0405, n3=4024.6482, p=0.9738
B4=5.2169, n4=1280.7478, p=0.9520
5=8.4423, n5=3150.0693, p=0.9215

Key: Solder Alloy/Component Finish

Figure 9. Weibull Plot of Alloy 42 TSOP-50 Data (“Manufactured” Test
Vehicles)
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BGA's ("Manufactured” Test Vehicles)

99.00
ﬁ / / Weibull

3 SnAgCU/SnAgC

90.00 = >JgEUENAGEY

W2 RRX - SRM MED

; F=21/S=4

3 / SnAgCu/SnPb
| vl

o

50.00 2

W2 RRX - SRM MED

% Failed
»

F=9/S=15
SnAgCuBi/SnPb
-
WS5 RRX - SRM MED
F=25/S=0
| SnPb/SnPb
v/ & /o ——
W2 RRX - SRM MED

/ / F=46 / S=4

X g
7| a F=25/S=0
A SnAgCuBi/SnAgCu
=

f W2 RRX - SRM MED

10.00 ba

5.00

e
e el

T
ool %

1.00
100.00 1000.00 10000.00 100000.00

Thermal Cycles (-20 to +80 deg. C)

$1=7.6397, n1=2.0793E+4, p=0.9728
B2=1.1119, n2=5408.3268, p=0.9571 Key: Solder Alloy/Component Finish
$3=9.8108, n3=2.8498E+4, p=0.9865

B4[11=1.8369, n4[1]=424.4069, P4[1]=0.1515 ; P4[2]=6.2771, n4[2]=9040.0810, P4[2]=0.8485
5=9.4729, 15=7447.2133, p=0.9792

Figure 10. Weibull Plot of BGA-225 Data (“Manufactured” Test Vehicles)

TQFP-144's ("Manufactured" Test Vehicles)

99.00
ﬁ Weibull
A SnAgCu/Sn
@ —S—
9000 é / W2 RRX - SRM MED
& / F=23/S=2
2 / SnﬁkAgCuBi/Sn
50.00 g ‘/ W2 RRX - SRM MED
F=11/S=14
° f SnPb/Sn
2 =
E [= 4{ W2 RRX - SRM MED
2 i f F=25/S=0
A
10.00 / , f
] / ]
i i
/ /p /A
5.00 / i
7'/ r 7/
1.00 /

1000.00 10000.00 100000.00
Thermal Cycles (-20 to +80 deg. C)
B1=7.8151, n1=1.3441E+4, p=0.9887

B2=7.9182, 12=2.3918E+4, p=0.9800
B3=7.2956, 13=8670.0828, p=0.9932

Key: Solder Alloy/Component Finish

Figure 11. Weibull Plot of TQFP-144 Data (“Manufactured” Test Vehicles)
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TQFP-208's ("Manufactured” Test Vehicles)

99.00
Weibull
SnAgCu/NiPdAu
-
90.00 I / W2 RRX - SRM MED
; / F=4/5=21
A / SnPb/NiPdAU
——
In | W2 RRX - SRM MED
50.00 4y | F=21/S=4
- d
Q A
g ]
w
< ; j
10.00 / ]
/ &
4 P
5.00 / f
3 i
1.00 /
1000.00 10000.00 100000.00

Thermal Cycles (-20 to +80 deg. C)

B1=10.3360, 11=3.2904E+4, p=0.9716 .
B2=7.1202, n2=1.3363E+4, p=0.9658 Key: Solder Alloy/Component Finish

Figure 12. Weibull Plot of TQFP-208 Data (“Manufactured” Test Vehicles)

Chip Resistors ("Manufactured" Test Vehicles)
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90.00 &
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——
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2 =
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w /i /A F=9/S=10
X |F=9 /o=
= 4
10.00
Al
£
5.00 7
LANe
1.00
1000.00 10000.00 100000.00
Thermal Cycles (-20 to +80 deg. C)
Not Enough Failures to Calculate SAC Weibull Parameters
B2=5.6361, n2=2.8953E+4, p=0.9978 .
$3=2.2599, n3=2.9464E+4, p=0.9826 Key: Solder Alloy/Component Finish

Figure 13. Weibull Plot of 1206 Chip Resistor Data (“Manufactured”

Test Vehicles)
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-20 to +80°C Thermal Cycle

35000

PBGA-225

30000 -

TQFP-144

25000

+—SAC
=& SnPb
—&— SACB

TQFP-208

20000 -

15000

Cycles to Failure (Weibull 50%)

10000 -

CLCC-20

5000 -

Figure 14. Reliability Comparison of Eutectic SnPb, SAC, and SACB
Solder Joints on Various Components during the -20°C to
+80°C Thermal Cycle Test (There Were Not Enough Failures to
Calculate a Weibull 50% Failure Number for the SACB TQFP-
208’s).
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Appendix A
Laminate Properties
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Table A-1. Modulus and Poisson’s Ratio of a JG-PP “Manufactured”

PWB (Polyclad PCL-FR-370 Laminate, U of Washington
Data using Strain Gages and an MTS810)

Modulus (Gpa) @ 25°C

Poisson's Ratio

Construction

X y

X y

6 layers, 0.090 in. total
thickness, no internal copper

25.2 19.0

0.19 0.12

Table A-2. CTE of a JG-PP “Manufactured” PWB (Polyclad PCL-
FR-370 Laminate, Boeing Measurements)

Sample

Measurement

CTE (x 10" cm/cm/°C)

Test Vehicle 10

X - Direction Measurement 1

13.6

Test Vehicle 10

X - Direction Measurement 2

13.4

Test Vehicle 10

y - Direction Measurement 1

16.6

Test Vehicle 10

y - Direction Measurement 2

16.9

Notes:

1. CTE’s were measured in accordance with ASTM E228 on a Netzsch Model 402 dilatometer.
2. The measurements were performed over the range of -55 to 125°C.
3. The values for CTE given in the table are average values over the indicated temperature range.
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Figure A-1. Schematic of Circuit Board (x and y Directions used for CTE Measurements are Shown)

24

EM/P-600



diflo *10-2
. 0]
i
! Temp./”C  T. Alpha/(1/K)
-55.0, 125.0 : 16.6134E-06
204
1
i
15 4 /
i -
i -~
| //
1o /
!
0.5+ 7
1
]
i
i
b
|
J_
_i
6.5 - /
4 T T T T T T T T r
-60 -40 -20 0 20 40 60 80 100 120
Temperature 7°C
Wedrun groear | 4.1 2005 14 98
Instrysr: METZISCH DIL 402E Sample: C8Y Dr, 27.940 mm Sample Holder Table: Fused_siscl
|File Crrut Board- Y14l Material Platnum Sample Holder Matenal FUSED SILICA
Fropc far comrechon Afrosphiers: N0 —i— Zalbration File: platinum -60-125.clg
jddantin Carut Brd Y1 Temp. caib. file: teatzaro ThO< Calbration Table: Platnum scl
Date T 111112005 94428 &M Range: 6002 Q0 Kimin 1400 Calbration Matenal PLATINUM
Labore: o« MPT Anaktical Chem Segmants: 1M Comv Range: 020/5000 pm
, Cperar T Begley ModeType of Meas Standard ExpansiorySarnple + Comection Remark

Figure A-2. First CTE Measurement of JG-PP “Manufactured” Laminate in Y (Long) Direction
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Temperature /°C
W dminisratar_11-11-2006 14:47 .
Instrurnent METZSCH OIL 4026 Sample: CEYY Oir, 26 090 men Sar ple Holder Table: Fused_si scl
File: Circut Board- Y24l Materiat Ratnum Sarple Holder Materiat FUSED SILICA
Projact for comection Atmasphere N220 ¢ -t Csltration File: platinum -60-125clg
Identity: Crout Brd Y2 Temp. calb file: tealzera Thie Catt ration Table: Platinum scl
Date/Time: 11112005 114126 A Range: -6 V3.0 ren 1400 Caliration Matenal: PLATINUM
Laboratory: MPT nakytical Chem Segments: n Car™ Fange:! 020/5000 pm
Operator T.Bagey Moda/Type of Meas Sandare - sansionfSample + Corechon Par @k

Figure A-3. Second CTE Measurement of JG-PP “Manufactured” Laminate in Y (Long) Direction
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Labaratory: MPT Aaabicd Chem Segments; " Comfty 3 020/5000 pm
Oparator. T.Bagey MaodaType of Meas Standard Bpansion/Sample + Coreclion Remz-t

Figure A-4.First CTE Measurement of JG-PP “Manufactured” Laminate in X (Short) Direction

27

EM/P-600



diflo 10>
iy}
!
Temp./°C T Alpha/(1/K)
-55.0, 125.0: 13.4476E-06
1.5 4 -
1.0 4
/ g
0.5 4
0 /'/‘
/ -
05 /
-60 40 20 0 2 40 60 80 100 120
Temperature °C
mdministator 11412005 D858

Instrurent METZSCH DIL 4022 Sarnple: CBXDr, 35140 mm Samrpie Holder Table: Fused_siscl
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Lakaratory: MPT Anaktica Chem Segmants: " CormM Range: 0205000 pm
Oparator T Begley Made/Typa of Meas.: Standard ExpansiorSample + Camaction |Remark

Figure A-5. Second CTE Measurement of JG-PP “Manufactured” Laminate in X (Short) Direction
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Appendix B
BGA-225 Characterization
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Figure B-1. Schematic of BGA-225 Construction
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Figure B-2. SnPb BGA-225 Cross Section

Figure B-3. SnPb BGA-225 Cross Section 5,

Table B-1. SnPb BGA-225 Specifications

(from Rockwell-Collins)

Feature Value
Package Length 27.00 mm
Package Width 26.99 mm

Package Thickness 1.70 mm
Diameter of Solder Balls 0.80 mm
Die Length 8.38 mm

Die Width 8.38 mm

Die Thickness 0.29 mm
Pitch 1.50 mm

Weight 2.3351¢g

Width of Solder Ball in Contact
with Component Pad 0.591 mm
Solder Ball Alloy Sn63Pb37
EM/P-600



Figure B-4. SAC BGA-225 Cross Section

Table B-2. SAC BGA-225 Specifications (from Rockwell-Collins)

Feature Value
Package Length 27.05 mm
Package Width 26.96 mm

Package Thickness 1.71 mm
Diameter of Solder Balls 0.78 mm
Die Length 8.74 mm
Die Width 8.80 mm
Die Thickness 0.30 mm
Pitch 1.49 mm

Weight 2349

Width of Solder Ball in Contact

with Component Pad 0.598 mm

Solder Ball Alloy

Sn4.0Ag0.5Cu
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Test Vehicle 41, BGA U18 (SnPb Solder/SnPb Balls)

u18

Category Ball Width (in.)  Height (in.) Top Contact (in.) Bottom Contact (in.)

Meas 1 0.0331221 0.0204053 0.0228901 0.0210405
Meas 2 0.0331791 0.0201734 0.0224855 0.0206936
Meas 3 0.0326011 0.0206358 0.0224277 0.020867
Meas 4 0.032659 0.0215613 0.0222543 0.0209827
Meas 5 0.0329481 0.0209248 0.0228323 0.0210982
AVG 0.0329019 0.0207401 0.0225780 0.0209364

**Note : Six measurements were taken from different solder balls
**Note : The pictures shown are examples of a few of these measurements

PWBA41 - U18- Solder Ball - Measurement 1 PWBA41 - U18- Solder Ball - Measurement 5

Figure B-5. SnPb BGA-225 Ball Measurements (from Rockwell-Collins)
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Test Vehicle 110, BGA U18 (SnAgCu Solder/SnAgCu Balls)

u18

Category Ball Width (in.) Height (in.) Top Contact (in.) Bot Contact (in.)
Meas 1 0.0354339 0.0193641 0.0237572 0.0234115
Meas 2 0.0345094 0.0199422 0.0236994 0.0279200
Meas 3 0.0331213 0.0202312 0.0234682 0.0222550
Meas 4 0.0341041 0.0204047 0.0236994 0.0233532
Meas 5 0.0330070 0.0204053 0.0235263 0.0223702
Meas 6 0.0330057 0.0201734 0.0235266 0.0277471
Meas 7 0.0338174 0.0198843 0.0236419 0.0223718
AVG 0.0338570 0.0200579 0.0236170 0.0242041

**Note: A total of 7 measurements were taken; every other solder ball
**Note: Pictures shown are examples of the measurments taken

PWB110 - U18 - Solder Ball, Measurement 1 PWB110 - U18 - Solder Ball, Measurement 7

Figure B-6. SAC BGA-225 Ball Measurements (from Rockwell-Collins)
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Table B-3. SnPb BGA-225 Material Properties

SnPb BGA 225

(ASE Global, 63/37 SnPb Balls)

Overmold Substrate* Die Attach Solder Mask
(Sumitomo 7720TA) | (BT Laminate) (Ablestik 2100A) (Taiyo PSR4000 AUS5)
Thickness (in.) 0.0450 0.0166 0.0013 0.002
Young's Modulus (Gpa) @
25°C
3.2 @ -65°C
X 24.5 21 1.5 @ 25°C 3.5
0.17 @ 150°C
3.2 @ -65°C
y 24.5 25 1.5 @ 25°C 3.5
0.17 @ 150°C
3.2 @ -65°C
z 24.5 - 1.5 @ 25°C -
0.17 @ 150°C
Poisson's Ratio @ 25°C 0.26 0.14 0.4 0.47
Tg (°C) 195 220 60 104
CTE (ppm/°C)
CTE x(a1) 13 15 65 50
CTE y(a1) 13 13 65 50
CTE z(a1) 13 - 65 -
CTE x(a2) 40 - 200 140
CTE y(a2) 40 - 200 140
CTE z(a2) 40 - 200 -

*BT Laminate data was measured at the U of Washington. All thicknesses were measured at Boeing. All other

data is from the vendor.
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Table B-4. SAC BGA-225 Material Properties

Pb-Free BGA 225

(ASE Global, Sn4.0Ag0.5Cu Balls)

Overmold Substrate* Die Attach Solder Mask
(Sumitomo G770) (BT Laminate) (Ablestik 2100A) (Taiyo PSR4000 AUS303)
Thickness (in.) 0.0450 0.0166 0.0007 0.002
Young's Modulus (Gpa) @
25°C
3.2 @ -65°C
X 30.36 21 1.5 @ 25°C 2.4
0.17 @ 150°C
3.2 @ -65°C
y 30.36 25 1.5 @ 25°C 2.4
0.17 @ 150°C
3.2 @ -65°C
z 30.36 - 1.5 @ 25°C -
0.17 @ 150°C
Poisson's Ratio @ 25°C 0.26 0.14 0.4 0.29
[Tg (°C) 130 220 60 101
CTE (ppm/°C)
CTE x(a1) 8 15 65 60
CTE y(a1) 8 13 65 60
CTE z(a1) 8 - 65 -
CTE x(a2) 37 - 200 130
CTE y(a2) 37 - 200 130
CTE z(a2) 37 - 200 -

*BT Laminate data was measured at the U of Washington. All thicknesses were measured at Boeing. All other data

is from the vendor.
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Figure B-7. BGA-225 CTE Measurement Points
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Table B-5. CTE Measurements on SnPb BGA-225 (Separate
Layers and Entire Package, Boeing

Measurements)
Sample CTE (10E-6 cm/cm/°C) CTE (Average)
PBGA225 BT Laminate (y) 15.4 155
PBGA225 BT Laminate (y) 15.6 '
PBGA225 Overmold (y) 14.5 135
PBGA225 Overmold (y) 12.5 '
PBGA225 A to B Measurement (y) 15.5 15.6
PBGA225 A to B Measurement (y) 15.7 '
PBGA225 C to D Measurement (y) 13.9 14.0
PBGA225 C to D Measurement (y) 14.1 '
PBGA225 E to F Measurement (y) 10.3 96
PBGA225 E to F Measurement (y) 8.9 '

Table B-6. CTE Measurements on Pb-Free BGA-225
(Separate Layers and Entire Package, Boeing

Measurements)
Sample CTE (10E-6 cm/cm/°C) CTE (Average)
PBGA225-LF BT Laminate (y) 15.0 14.8
PBGA225-LF BT Laminate (y) 14.5 '
PBGA225-LF Overmold (y) 10.1 10.3
PBGA225-LF Overmold (y) 10.4 '
PBGA225-LF A to B Measurement (y) 15.0 15.1
PBGA225-LF A to B Measurement (y) 15.2 '
PBGA225-LF C to D Measurement (y) 13.2 13.4
PBGA225-LF C to D Measurement (y) 13.5 '
PBGA225-LF E to F Measurement (y) 7.5 8.8
PBGA225-LF E to F Measurement (y) 10.1 ]

Notes:

1. CTE’s were measured in accordance with ASTM E228 on a Netzsch Model 402
dilatometer.

2. The measurements were performed over the range of -55 to 125°C.

3. The values for CTE given in the table are average values over the indicated
temperature range. Two measurements were made on each sample.
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Appendix C
CTE Measurements for Other
Components
(Netzsch 402 Dilatometer)
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T. Alphal(LK)

T T
-40 -20

T
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T
120

0 20 40 60
Temperature /°C

\Administrator 11-11-2008 15:07 TW CLCC20 SACB Yl.ng
Instrument: NETZSCH DIL 402E Sample: U10 JG-PP, 8.830 mm Sample Holder Table: Fused_si.scl
File: TW CLCC20 SACB Y2.dl... Material: Platinum Sample Holder Material: FUSED SILICA
Project: for correction Atmosphere: N2/20 / ---/--- Calibration File: platinum -45-125.clg
Identity: CLCC-20 SACB B122 Y2 Temp. calib. file: tcalzero.TMX Calibration Table: Platinum.scl
Date/Time: 11/7/2008 1:21:10 PM Range: -45.0/3.00(K/min)/145.0 Calibration Material: PLATINUM
Laboratory: MPT Analytical Chem Segments: 11 Corr/M.Range: 520/5000 um
Operator: T. Begley Mode/Type of Meas.: Standard Expansion/Sample + Correction Remark:

Figure C-1. CTE Measurement of JG-PP CLCC-20 (Au Finish)
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Temperdure PC

Rom i strtor 12-11-2006 1150 TN GLES2D K108 ¥1.1gE
Instrument: METZSCH DIL 402E Sample JG-PP B.920 mm S ample Holder Takle; Fused_sizcl
File: T CLCC20 SnPhy2d.. REICEN Platinum Sample Holder aterd: FUSED SILICA
Projedt: for comredction Atmosphere: M220 0 —/— i alibration File: plainum 435-125.clg
|dentity: CLCC-20 SnPh B31 Y2 Temp. cdib. file: tcazen Thix C alibration Taale P latinum =
DateTime T1M12008 3 2218PM R ange: -45.043 000< dmin)M 45.0 C alibration Material: PLATIMUIM
Laboratory: MPT Lnabhtical Chem S egments: 1M o Range 42005000 pm
Operator: T. Begley M ode/T voe of Meas. Standard E xpanzionfSample + Correction Femark:

Figure C-2. CTE Measurement of JG-PP CLCC-20 (SnPb Finish)
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T
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Temperature /°C

Administrator 03-11-2008 12:58 McElroy GrNylon BX2.ngb|
Instrument: NETZSCH DIL 402E Sample: Board 51 NiPdAu, 27.940 mm Sample Holder Table: Fused_si.scl
File: TW B51 TQFP-208 Y-1.... Material: Platinum Sample Holder Material: FUSED SILICA
Project: for correction Atmosphere: N2/20 / ---/--- Calibration File: platinum -45-125.clg
Identity: TQFP-208 U31 Y dir #1 Temp. calib. file: tcalzero. TMX Calibration Table: Platinum.scl
Date/Time: 11/3/2008 11:49:25 AM Range: -45.0/3.00(K/min)/145.0 Calibration Material: PLATINUM
Laboratory: MPT Analytical Chem Segments: 11 Corr/M.Range: 020/5000 pm
Operator: T. Begley Mode/Type of Meas.: Standard Expansion/Sample + Correction Remark:

Figure C-3. CTE Measurement of JG-PP TQFP-208 (NiPdAu Finish)
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Temperature /°C

|Administrator 05-11-2008 14:08 TW PDIP20 Sn L1.ngh|
Instrument: NETZSCH DIL 402E Sample: U35 JG-PP, 24.630 mm Sample Holder Table: Fused_si.scl
File: TW PDIP20 NiPdAu L2.... Material: Platinum Sample Holder Material: FUSED SILICA
Project: for correction Atmosphere: N2/20 / ---/--- Calibration File: platinum -45-125.clg
Identity: PDIP-20 NiPdAu B51 long2 Temp. calib. file: tcalzero.TMX Calibration Table: Platinum.scl
Date/Time: 11/5/2008 10:36:02 AM Range: -45.0/3.00(K/min)/145.0 Calibration Material: PLATINUM
Laboratory: MPT Analytical Chem Segments: 1/1 Corr/M.Range: 020/5000 pm
Operator: T. Begley Mode/Type of Meas.: Standard Expansion/Sample + Correction Remark:

Figure C-4. CTE Measurement of JG-PP PDIP-20 (Long Dimension, NiPdAu Finish)
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|Administrator 17-11-2008 09:07 TW PDIP20 NiPdAu S1.ngb|
Instrument: NETZSCH DIL 402E Sample: U8 JG-PP, 6.330 mm Sample Holder Table: Fused_si.scl
File: TW PDIP20 NiPdAu S2.... Material: Platinum Sample Holder Material: FUSED SILICA
Project: for correction Atmosphere: N2/20 / ---/--- Calibration File: platinum -45-125.clg
Identity: PDIP-20 NiPdAu B51 short2 Temp. calib. file: tcalzero.TMX Calibration Table: Platinum.scl
Date/Time: 11/17/2008 8:00:11 AM Range: -45.0/3.00(K/min)/145.0 Calibration Material: PLATINUM
Laboratory: MPT Analytical Chem Segments: 1/1 Corr/M.Range: 020/5000 pm
Operator: T. Begley Mode/Type of Meas.: Standard Expansion/Sample + Correction Remark:

Figure C-5. CTE Measurement of JG-PP PDIP-20 (Short Dimension, NiPdAu Finish)
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Temperature /°C
|Administrator 05-11-2008 14:07 TW PDIP20 NiPdAu L1.ngb|
Instrument: NETZSCH DIL 402E Sample: U30 JG-PP, 26.110 mm Sample Holder Table: Fused_si.scl
File: TW PDIP20 Sn L1.dlg Material: Platinum Sample Holder Material: FUSED SILICA
Project: for correction Atmosphere: N2/20 / ---/--- Calibration File: platinum -45-125.clg
Identity: PDIP-20 Sn B51 longl Temp. calib. file: tcalzero.TMX Calibration Table: Platinum.scl
Date/Time: 11/5/2008 1:00:30 PM Range: -45.0/3.00(K/min)/145.0 Calibration Material: PLATINUM
Laboratory: MPT Analytical Chem Segments: 11 Corr/M.Range: 020/5000 pm
Operator: T. Begley Mode/Type of Meas.: Standard Expansion/Sample + Correction Remark:

Figure C-6. CTE Measurement of JG-PP PDIP-20 (Long Dimension, Sn Finish)
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Idministrator 17-11-2008 13:18 TW PDIP20 NiPdAu S2.ngb|
Instrument: NETZSCH DIL 402E Sample: U11 JG-PP, 6.450 mm Sample Holder Table: Fused_si.scl
File: TW PDIP20 Sn S1.dlg Material: Platinum Sample Holder Material: FUSED SILICA
Project: for correction Atmosphere: N2/20 / ---/--- Calibration File: platinum -45-125.clg
Identity: PDIP-20 Sn B51 short2 Temp. calib. file: tcalzero. TMX Calibration Table: Platinum.scl
Date/Time: 11/17/2008 9:35:17 AM Range: -45.0/3.00(K/min)/145.0 Calibration Material: PLATINUM
Laboratory: MPT Analytical Chem Segments: 1/1 Corr/M.Range: 020/5000 pm
Operator: T. Begley Mode/Type of Meas.: Standard Expansion/Sample + Correction Remark:

Figure C-7. CTE Measurement of JG-PP PDIP-20 (Short Dimension, Sn Finish)
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Idministrator _07-11-2008 09:36 TW TSOP50 SnPb L2.ngb)|
Instrument: NETZSCH DIL 402E Sample: U15 JG-PP, 9.140 mm Sample Holder Table: Fused_si.scl
File: TW PLCC20 Sn Y1.dlg Material: Platinum Sample Holder Material: FUSED SILICA
Project: for correction Atmosphere: N2/20 / ---/--- Calibration File: platinum -45-125.clg
Identity: PLCC-20 SnB51 Y1 Temp. calib. file: tcalzero. TMX Calibration Table: Platinum.scl
Date/Time: 11/7/2008 8:02:05 AM Range: -45.0/3.00(K/min)/145.0 Calibration Material: PLATINUM
Laboratory: MPT Analytical Chem Segments: 1/1 Corr/M.Range: 020/5000 pm
Operator: T. Begley Mode/Type of Meas.: Standard Expansion/Sample + Correction Remark:

Figure C-8. CTE Measurement of JG-PP PLCC-20 (Sn Finish)
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Administrator 06-11-2008 09:34 TW PDIP20 Sn L2.ngb|
Instrument: NETZSCH DIL 402E Sample: U39 JG-PP, 21.050 mm Sample Holder Table: Fused_si.scl
File: TW TSOP50 SnCu L1.dl... Material: Platinum Sample Holder Material: FUSED SILICA
Project: for correction Atmosphere: N2/20 / ---/--- Calibration File: platinum -45-125.clg
Identity: TSOP-50 SnCu B122 longl Temp. calib. file: tcalzero.TMX Calibration Table: Platinum.scl
Date/Time: 11/6/2008 8:24:42 AM Range: -45.0/3.00(K/min)/145.0 Calibration Material: PLATINUM
Laboratory: MPT Analytical Chem Segments: 11 Corr/M.Range: 020/5000 pm
Operator: T. Begley Mode/Type of Meas.: Standard Expansion/Sample + Correction Remark:

Figure C-9. CTE Measurement of JG-PP TSOP-50 (Long Dimension, SnCu Finish)
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Administrator 18-11-2008 09:12 TW PDIP20 Sn S2.ngb)|
Instrument: NETZSCH DIL 402E Sample: U25 JG-PP, 10.080 mm Sample Holder Table: Fused_si.scl
File: TW TSOP50 SnCu S1.dl... Material: Platinum Sample Holder Material: FUSED SILICA
Project: for correction Atmosphere: N2/20 / ---/--- Calibration File: platinum -45-125.clg
Identity: TSOP-50 SnCu B122 shortl Temp. calib. file: tcalzero. TMX Calibration Table: Platinum.scl
Date/Time: 11/18/2008 8:06:37 AM Range: -45.0/3.00(K/min)/145.0 Calibration Material: PLATINUM
Laboratory: MPT Analytical Chem Segments: 11 Corr/M.Range: 020/5000 pm
Operator: T. Begley Mode/Type of Meas.: Standard Expansion/Sample + Correction Remark:

Figure C-10. CTE Measurement of JG-PP TSOP-50 (Short Dimension, SnCu Finish)
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|Administrator _06-11-2008 15:23 TW TSOP50 SnCu L2.ngh)
Instrument: NETZSCH DIL 402E Sample: U61 JG-PP, 21.040 mm Sample Holder Table: Fused_si.scl
File: TW TSOP50 SnPb L1.dl... Material: Platinum Sample Holder Material: FUSED SILICA
Project: for correction Atmosphere: N2/20 [ ---/--- Calibration File: platinum -45-125.clg
Identity: TSOP-50 SnPb B51 longl Temp. calib. file: tcalzero.TMX Calibration Table: Platinum.scl
Date/Time: 11/6/2008 1:28:25 PM Range: -45.0/3.00(K/min)/145.0 Calibration Material: PLATINUM
Laboratory: MPT Analytical Chem Segments: 1/1 Corr/M.Range: 020/5000 pm
Operator: T. Begley Mode/Type of Meas.: Standard Expansion/Sample + Correction Remark:

Figure C-11. CTE Measurement of JG-PP TSOP-50 (Long Dimension, SnPb Finish)
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|Administrator 19-11-2008 14:31 TW TSOP50 SnPb S1.ng
Instrument: NETZSCH DIL 402E Sample: U12 JG-PP, 10.130 mm Sample Holder Table: Fused_si.scl
File: TW TSOP50 SnPb S1.dl... Material: Platinum Sample Holder Material: FUSED SILICA
Project: for correction Atmosphere: N2/20 / ---/--- Calibration File: platinum -45-125.clg
Identity: TSOP-50 SnPb B1 shortl Temp. calib. file: tcalzero.TMX Calibration Table: Platinum.scl
Date/Time: 11/19/2008 10:08:51 AM Range: -45.0/3.00(K/min)/145.0 Calibration Material: PLATINUM
Laboratory: MPT Analytical Chem Segments: 11 Corr/M.Range: 020/5000 pm

Operator: T. Begley Mode/Type of Meas.: Standard Expansion/Sample + Correction Remark:

Figure C-12. CTE Measurement of JG-PP TSOP-50 (Short Dimension, SnPb Finish)
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Administrator 02-12-2008 12:21 TW 1206 Resistor Sn L3.ngh|
Instrument: NETZSCH DIL 402E Sample: JG-PP Brd 51 U1, 19.900 mm Sample Holder Table: Fused_si.scl
File: TW TQFP144 Sn Y1.dlg Material: Platinum Sample Holder Material: FUSED SILICA
Project: for Tom Woodrow Atmosphere: N2/20 / ---/--- Calibration File: platinum -45-125.clg
Identity: TQFP-144 Sn Y1 Temp. calib. file: tcalzero.TMX Calibration Table: Platinum.scl
Date/Time: 12/2/2008 9:44:08 AM Range: -45.0/3.00(K/min)/145.0 Calibration Material: PLATINUM
Laboratory: MPT Analytical Chem Segments: 1/1 Corr/M.Range: 020/5000 pm
Operator: T. Begley Mode/Type of Meas.: Standard Expansion/Sample + Correction Remark:

Figure C-13. CTE Measurement of JG-PP TQFP-144 (Sn Finish)
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|Administrator _02-12-2008 07:36 TW 1206 Resistor Sn L1.ngb|
Instrument: NETZSCH DIL 402E Sample: JG-PP BOCS5, 3.060 mm Sample Holder Table: Fused_si.scl
File: TW 1206 Resistor Sn ... Material: Platinum Sample Holder Material: FUSED SILICA
Project: for Tom W oodrow Atmosphere: N2/20 / ---/--- Calibration File: platinum -45-125.clg
Identity: 1206 Resistor Sn Long 2 Temp. calib. file: tcalzero.TMX Calibration Table: Platinum.scl
Date/Time: 12/1/2008 10:04:43 AM Range: -45.0/3.00(K/min)/145.0 Calibration Material: PLATINUM
Laboratory: MPT Analytical Chem Segments: 11 Corr/M.Range: 820/5000 pm
Operator: T. Begley Mode/Type of Meas.: Standard Expansion/Sample + Correction Remark:

Figure C-14. CTE Measurement of JG-PP 1206 Chip Resistor (Sn Finish)
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Appendix D
Literature Search for Weibull
Parameters
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Table D-1. Literature Search for Weibull Parameters

Component Solder Temp Cycle | 1st Failure Nyo, Chari‘;::"suc Beta Reference
1206 Chip Resistor Sn37Pb -55/125°C 2823 5540 5.2 Woodrow 2002
1206 Chip Resistor Sn3.8Ag0.7Cu -55/125°C 1181 3866 2.0 Woodrow 2002
1206 Chip Resistor Sn37Pb -55/125°C 1900 10055 2.0 NCMS 1997
1206 Chip Resistor Sn2.6Ag0.8Cu0.5Sb -55/125°C 1226 5134 14 NCMS 1997
1206 Chip Resistor Sn37Pb 0/100°C >6673 N/A N/A NCMS 1997
1206 Chip Resistor Sn2.6Ag0.8Cu0.5Sb 0/100°C 1232 5017 1.4 NCMS 1997

. Characteristic

Component Solder Temp Cycle | 1st Failure Ny, Life Beta Reference
2512 Chip Resistor Sn37Pb -55/125°C 333 746 5.7 Swan 2001
2512 Chip Resistor Sn3.9Ag0.6Cu -55/125°C 213 681 4.0 Swan 2001
2512 Chip Resistor Sn37Pb 0/100°C 1183 2256 7.1 Swan 2001
2512 Chip Resistor Sn3.9Ag0.6Cu 0/100°C 606 3063 2.8 Swan 2001
2512 Chip Resistor Sn37Pb -55/125°C 324 1900 2.6 Dusek 2002
2512 Chip Resistor Sn3.8Ag0.7Cu -55/125°C 213 1450 2.4 Dusek 2002
2512 Chip Resistor Sn3.8Ag0.7Cu2Bi -55/125°C 333 2100 2.5 Dusek 2002

. Characteristic
Component Solder Temp Cycle | 1st Failure Nyo, Life Beta Reference
LCCC20 Sn37Pb -40/125°C 761 1197 8.8 NCMS 2001
LCCC20 Sn3.5Ag -40/125°C 614 849 9.6 NCMS 2001
LCCC20 Sn37Pb -40/125°C 878 3350 2.2 Woodrow 2003
LCCC20 Sn3.8Ag0.7Cu -40/125°C 425 802 5.7 Woodrow 2003
. Characteristic

Component Solder Temp Cycle | 1st Failure Ny, Life Beta Reference
TSOP48 (Alloy 42) Sn37Pb -55/125°C 373 1000 4.7 Swan 2001
TSOP48 (Alloy 42) Sn3.9Ag0.6Cu -55/125°C 111 614 2.7 Swan 2001
TSOP48 (Alloy 42) Sn37Pb 0/100°C 2333 3500 11.3 Swan 2001
TSOP48 (Alloy 42) Sn3.9Ag0.6Cu 0/100°C 1092 2564 5.4 Swan 2001
TSOP48 (Alloy 42) Sn37Pb -55/515505) (T. 1904 3455 4.8 Amkor (Syed)
TSOP48 (Alloy 42) Sn3.9Ag0.6Cu -55/515505) (T. 1979 2353 16.2 Amkor (Syed)
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Table D-1. Literature Search for Weibull Parameters (Cont’d)

Characteristic

Component Solder Ball/Paste Temp Cycle | 1st Failure Nio, Life Beta Reference
10x10 mm Fiip Chip Sn37Pb/Flux Only -55/125°C 2299 Schubert 2002
(Underfilled)
10x10 mm Fiip Chip Sn4.0Ag0.5Cu/Flux Only -55/125°C 1929 Schubert 2002
(Underfilled)
10x10 mm Flip Chip Sn37Pb/Flux Only -55/150°C 1864 Schubert 2002
(Underfilled)
10x10 mm Flip Chip o
(Underfilled) Sn4.0Ag0.5Cu/Flux Only 55/150°C 1237 Schubert 2002
12 mm flexBGA Sn37Pb/Flux Only -40/125°C 1845 2328 13.3 NCMS 2001
12 mm flexBGA Sn4.0Ag0.5Cu/Flux Only -40/125°C 2108 2966 9.6 NCMS 2001
12 mm flexBGA Sn37Pb/Flux Only 0/100°C 3418 4730 12.1 NCMS 2001
12 mm flexBGA Sn4.0Ag0.5Cu/Flux Only 0/100°C 6073 9515 6.4 NCMS 2001
27 mm PBGA256 Sn37Pb/Flux Only -40/125°C 3395 3798 23.4 NCMS 2001
27 mm PBGA256 Sn4.0Ag0.5Cu/Flux Only -40/125°C 5196 8083 8.1 NCMS 2001
27 mm PBGA256 Sn37Pb/Flux Only 0/100°C >10000K NCMS 2001
27 mm PBGA256 Sn4.0Ag0.5Cu/Flux Only 0/100°C >10000K NCMS 2001
27 mm PBGA256 Sn37Pb/Sn37Pb -55/125°C 3656 Mean 4377 23.4 Romm 2002
27 mm PBGA256 Sn3.9Ag0.6Cu/Sn3.9Ag0.6Cu -55/125°C 4404 Mean 6442 8.1 Romm 2002
28 mm PBGA256 Sn37Pb/Sn37Pb 0/100°C 5048 12715 4.98 Primavera 2002
28 mm PBGA256 Sn3.8Ag0.7Cu/Sn3.8Ag0.7Cu 0/100°C 5842 14606 5.02 Primavera 2002
28 mm PBGA256 Sn3.5Ag/Sn3.5Ag 0/100°C 7077 24702 3.68 Primavera 2002
28 mm PBGA256 | Sn2.5Ag0.8Cu0.5Sb/Sn2.5Ag0.8Cu0.5Sh 0/100°C 2570 15182 2.59 Primavera 2002
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Table D-1. Literature Search for Weibull Parameters (Cont’d)

Characteristic

Component Solder Ball/Paste Temp Cycle | 1st Failure Njo, Life Beta Reference
28 mm PBGA256 Sn37Pb/Sn37Pb _?g/hlcfk)c 4169 5800 13.93 Dunford 2002
-40/125°C
28 mm PBGA256 Sn3.8Ag0.7Cu/Sn3.8Ag0.7Cu (Shock) 4893 6976 12.97 Dunford 2002
-40/125°C
28 mm PBGA256 Sn3.5Ag/Sn3.5Ag (Shock) 4354 6887 10.03 Dunford 2002
35 mm PBGA388 Sn37Pb/Sn37Pb -40/125°C 1617 2854 8.1 Roubaud 2001
35 mm PBGA388 Sn4.0Ag0.5Cu/Sn4.0Ag0.5Cu -40/125°C 3122 5548 8.0 Roubaud 2001
35 mm PBGA388 | Sn4.0Ag0.5Cu/Sn4.0Ag0.5Cu (Other Side) | -40/125°C 2134 5565 4.8 Roubaud 2001
35 mm PBGA388 Sn3.5Ag/Sn4.0Ag0.5Cu -40/125°C 2048 6290 4.1 Roubaud 2001
35 mm PBGA388 Sn2.5Ag0.5CulBi/Sn4.0Ag0.5Cu -40/125°C 2754 6356 5.5 Roubaud 2001
35 mm PBGA388 Sn0.75Cu/Sn4.0Ag0.5Cu -40/125°C 2746 4412 9.7 Roubaud 2001
35 mm PBGA388 SnPbAg/SnPb -?Z/hlozcsk)c 2048 3814 7.4 Swann 2001
-55/125°C
35 mm PBGA388 SnAgCu/Sn3.9Ag0.6Cu (Shock) 2082 4602 5.8 Swann 2001
-55/125°C
35 mm PBGA388 SnAg/Sn3.9Ag0.6Cu (Shock) 3211 5836 7.7 Swann 2001
169CSP Sn37Pb/Sn37Pb -40/125°C 968 1944 6.6 NEMI 2002
169CSP Sn4.0Ag0.5Cu/Sn3.9Ag0.7Cu -40/125°C 1762 3254 7.5 NEMI 2002
169CSP Sn37Pb/Sn37Pb 0/100°C 1798 3321 7.5 NEMI 2002
169CSP Sn4.0Ag0.5Cu/Sn3.9Ag0.7Cu 0/100°C 2717 8343 4.1 NEMI 2002
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