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Abstract

For companies that choose to take the Pb-free ekampnder the European Union’s RoHS Directive andtinue to manufacture
tin-lead (Sn-Pb) electronic products, there is @anging concern about the lack of Sn-Pb ball gricharfBGA) components. Many
companies are compelled to use the Pb-free Sn-A{SBC) BGA components in a Sn-Pb process, for wiliehassembly process
and solder joint reliability have not yet been yutharacterized.

A careful experimental investigation was undertaleavaluate the reliability of solder joints of SBGA components formed using
Sn-Pb solder paste. This evaluation specificalbkéd at the impact of package size, solder balinae, printed circuit board (PCB)
surface finish, time above liquidus and peak temipee on reliability. Four different BGA packagees (ranging from 8 to 45 nfin
were selected with ball-to-ball pitch size rangingm 0.5mm to 1.27mm. Two different PCB finishesreveised: electroless nickel
immersion gold (ENIG) and organic solderability ggevative (OSP) on copper. Four different profilesre developed with the
maximum peak temperatures of 2C0and 218C and time above liquidus ranging from 60 to 12€os€s using Sn-Pb paste. One
profile was generated for a lead-free control. ofal of 60 boards were assembled. Some of the bosede subjected to an as-
assembled analysis while others were subjectea tacaelerated thermal cycling (ATC) test in the gemature range of -4G to
125°C for a maximum of 3500 cycles in accordance wRIC 19701A standard. Weibull plots were created aidire analysis
performed.

Analysis of as-assembled solder joints revealed filvaa time above liquidus of 120 seconds and wgline degree of mixing
between the BGA SAC ball alloy and the Sn-Pb sofiiste was less than 100 percent for packagesawiidil pitch of 0.8mm or
greater. Depending on package size, the peak reffomperature was observed to have a significanadinpn the solder joint
microstructural homogeneity. The influence of reflprocess parameters on solder joint reliabilitysvedearly manifested in the
Weibull plots. This paper provides a discussiothefimpact of various profiles’ characteristicstba extent of mixing between SAC
and Sn-Pb solder alloys and the associated thexynht fatigue performance.
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Introduction

The tin-lead (Sn-Pb) component availability issues Hed many companies to consider using Pb-fredd8u (SAC) BGA
components in their Sn-Pb surface mount assemlolgegses. There has been considerable discussiondathe long-term solder
joint reliability of this so-called “mixed alloy” pcessing, which has not yet been characterizegletaty.

Several research papers [1-25] have demonstragesighificant impact that the presence of Pb cam fum the reliability of Pb-free
BGA solder joints assembled using Sn-Pb solderyaltor example, addition of minute concentratiofd?b into a Pb-free SAC
solder alloy has been reported [5] to appreciabtiuce the fatigue life of the SAC-rich solder jaimider thermo-mechanical fatigue
tests. The work by Choi et al., 2001 [5] attributed reduced fatigue resistance of the SAC soldiet jo the formation of a low
melting ternary alloy of 62.5wt.%Sn-1.35wt.%Ag-3Bwit.%Pb with a melting point of 178°C.

Hua et al., 2003 [6,7] reported that complete mgltf the Sn-Ag-Cu (SAC) BGA solder ball followeg full mixing of the Pb-free
SAC melt with the Sn-Pb solder paste melt is @aitio board-level solder joint reliability. To emsucomplete melting of the SAC
solder ball would require the peak reflow tempeamtio be substantially increased beyond that ofetltectic Sn-Pb solder paste
melting point. However, increasing the peak reftewperature may be detrimental to low temperatatedrcomponents that are part
of an assembly with the Sn-Ag-Cu BGA components.

In 2005, Snugovsky et al. reported [9, 10] thabmplete mixing of SAC and Sn-Pb solder alloys mayabhieved at a temperature
lower than the liquidus temperature of Pb-free Sgaltler balls. This temperature depends on soldiérlday composition, SAC
solder ball/Sn-Pb solder paste ratio, dwell timag @omponent size. Further, it was reported thatstbider joint fatigue life was
component dependent and, in the case of completagndf the solder alloys, it may be better, eqoalyvorse than the fatigue life of
similar Sn-Pb assemblies. One year later (in 200&)Cormick et al.[11] reported building reliablelder joints of Pb-free SAC
solder alloy mixed with Sn-Pb solder paste for s@mecific types of Pb-free BGAs packages. TheraBkeconditions in the work
they conducted were equivalent to those of thectn-Pb assembly process.

The work by Snugovsky et al., 2004 [12] on the atioh of the microstructure of mixed Sn-Pb/Pb-f&&C BGA solder joints
reported the presence of the low melting Sn-Ag-Btectic ternary alloy in the solder joints. Thiady reported that the presence of
AgsSn IMC particulates in the solder joint matrix edated with enhanced solder joint reliability. Fnt, regarding the
microstructure of mixed solder joint and its impaatsolder joint strength, an earlier study donéiiyer et al., 2002 [13] attributed
the reduction in fatigue resistance of the mixddydkead-free Sn-Ag-Cu in Sn-Pb solder joint to Bie precipitates residing at the Sn
grain boundaries. These precipitates were fourdht@ contributed to early grain boundary fractures

Based on the research cited above, it is clearathainderstanding of the factors that affect sgjdiet reliability when a Pb-free SAC
ball alloy is mixed with Sn-Pb solder paste isicaitin determining a reflow process suitable fad-free SAC BGAs built using Sn-
Pb solder paste and process parameters. The matisti discussed in this paper, conducted undeatispices of the International
Electronics Manufacturing Initiative (iNEMI) congium, is an attempt to provide further understagdif the solder joint reliability
for Pb-free BGAs assembled using Sn-Pb solder maslewithin the low peak temperature limits reqditender the eutectic Sn-Pb
solder paste specifications for package size #5tont at a pitch of 1.27mm.

Experimental Design

Based on the results from previously publishedistufll-25], the INEMI Board Assembly Technologydgtation Group launched
the “Pb-free BGAs in Sn-Pb Assemblies Project” idey to address some of the gaps identified whearakling SAC BGAs using
Sn-Pb solder paste within the reflow conditiondatied by the Sn-Pb assembly process. This prajgestigated the impact of SAC
BGA ball pitch and BGA package size, SAC ball vokjmeflow process parameters and PCB surface égish the reliability of Pb-
free BGA package solder joints built using Sn-Pldeo alloy with the typical eutectic Sn-Pb soldease reflow conditions.
Following are specifications for each of the fasteelected to investigate the reliability of mixalby solder joints:

1) Package Size/Pitch Package body size ranging from 8 to 45%amd the corresponding pitch size ranging from 0.5mrh.27
mm.

2) Solder Paste Volume Standard stencil aperture opening design of i&daction and 1:1 (or 100%).

3) Peak Reflow temperature (PRT) A peak reflow temperature of 22D and 218C with Sn-Pb paste and Z8for Pb-free solder
paste (control sample).

4) Time above Liquidus (TAL): Time above liquidus of 60, 90 and 120 seconds.

5) Surface Finish Surface finish of copper OSP and ENIG.



Using the factors listed above, a simple desigexgferiment was created as shown in Tabl@He matrix contains eight test
cells defined by variations in assembly procesw, flahich were generated using five different preaeg conditions of TALs
and peak temperatures (hnumbered 1 through 5 ireT3bl

Table 1: Assembly Test Matrix

Experimental Materials

Assembly | Reflow [|BGA Ball| Solder Peak Time Stencil
Process Profile Alloy [Paste Alloy] Temp. Above | Aperture
Flow Number (°C) Liquidus | Opening
(sec) (%)

1 (Control) Sn-Pb Sn-Pb 210 60 90
Sn-Ag-Cy Sn-Pb 210 60 90

Sn-Ag-Cuy  Sn-Pb 210 90 90

Sn-Ag-C4 Sn-Pb 210 120 90

Sn-Ag-C4 Sn-Pb 210 60 100

Sn-Ag-Cuy  Sn-Pb 210 90 100

7 (Control) Sn-Ag-Cy Sn-Ag-Cu 235 60 90
Sn-Ag-C4 Sn-Pb 215 60 90

Four types of BGA packages were selected basedoomanent body size, ball-to-ball pitch size, andl lbkameter. The
characteristics of the four packages are listethinle 2.

Table 2: Component Characteristics

Component | Package Body| Input/Output Ball Pitch Ball Diameter
Designation | _Size (mnf) Pin Count (mm) (mm)
SBGAG600 45 x 45 600 1.27 0.76
PBGA324 23 x 23 324 1.0 0.63
CABGAZ288 19x19 288 0.8 0.46
CTBGA132 8X8 132 0.5 0.3

BGA packages with both Pb-free and Sn-Pb ball allegre used. The composition of the alloy usedHerPb-free BGA balls was
Sn-4wt.%Ag-0.5wt.%Cu (labeled as SAC405) and tHathe Sn-Pb BGA balls was the eutectic Sn-37wt.%Bluer alloy. All
packages had electrolytic nickel-gold as the bastase finish. Figure 1 shows photographs of thidoo side (ball up) of all the

components used in this study.



SBGAG600 PBGA324 CABGAZ288 CTBGA132

Figure 1: Components, ball side up

The nominal dimensions of the test board usedisigtudy are: # x 4 x 0.093. The board contains 8 copper layers with 4 layers
being ground, to assist with minimizing temperatgradient across the board during reflow. A lan@énaith a glass transition
temperature (Jj of 170C and decomposition temperature (Td) of ®@as chosen to ensure laminate robustness duriggsing
and reliability testing.

A typical eutectic Sn-37wt.%Pb type-3 no-clean solghaste was used for the assembly. Similarly, picdy Sn-3.0wt.%AQ-
0.5wt.%Cu type-3 no-clean solder paste was usethéPb-free control assemblies.

Two stencils were used in this study. One stancibrporated a standard 90% stencil aperture openiithe PCB pad size while the
other had a 1:1 match to the PCB BGA test padsofite stencils had a thickness of 0.0@5d were laser cut and electropolished.

Assembly Procedure

A bare board was pre-drilled for thermocouple mstentation. Two thermocouples per array package wsed for profiling, placed
along the diagonal line of the package PCB footp@nce thermocouples were placed on the boarthwedrofiles were created
using a 10-zone convection reflow oven. A thergraldient of 8C or less was targeted across the board, withaltuges$t package
solder joint temperature being %0-5°C of peak temperature. Figure 2 shows a reflowilgroked for assembling the components
with a target peak temperature of 20@Gnd a TAL of 60 seconds.



Figure 2: Representative reflow profile (PRT: 216C; TAL: 60 seconds)

Standard solder paste print setup was used innvestigation. Several test prints were perforrmecdample boards to ensure proper
paste release was achieved prior to any printinghi® assembly build. Once the paste printing peeeas completed, reflow profiles
were generated and first articles assembled fan &aesembly flow process” test cell as given in [Eab. Remaining boards were
assembled thereafter. A representative fully abssihtest board is shown in Figure 3.

Figure 3: Representative assembled test board.

Accelerated Thermal Cycling (ATC) Testing Consideréions

Assembled boards were tested using the IPC-970drdatd. The boards were subjected to a maximund®® accelerated thermal
cycles over the temperature range of’@@ 125C. The ramp rate was an average diClfier minute and the minimum solder joint
dwell time was 10 minutes at the temperature extgenThe resistance changes were continuously meditosing a two-wire
resistance monitoring system that recorded albtasce and temperature values at a scan intervadtomore than 60 seconds. A
failure was defined as five consecutive fails ab@0&6 of the nominal resistance value. Table 4gnssthe detailed test matrix

including the number of assemblies tested. (No# slome test vehicles for vibration testing arduiaed in Table 4, but only the
thermal cycling data is discussed in this paper.)



Table 4: Assembly test matrix including the mechamial and accelerated thermal cycle test.

Assembly | BGA Ball Solder Peak Time Stencil Number of Boards Number of Boards
Process Alloy Paste Temp. Above Aperture | for Metallography for ATC Testing
Flow Alloy (°C) Liquidus | Opening Test (Vibration) (Range: 40C to
(TAL) 125°C)
(seconds) ENIG osP ENIG osP
1(Control) Sn-Pb Sn-Pb 210 60 90 0 5 3 6
2 Sn-Ag-Cu Sn-Pb 210 60 90 0 5 0 6
5 Sn-Ag-Cu Sn-Pb 210 60 100 0 5 3 6
3 Sn-Ag-Cu Sn-Pb 210 90 90 0 5 0 6
6 Sn-Ag-Cu Sn-Pb 210 90 100 0 5 0 6
4 Sn-Ag-Cu Sn-Pb 210 120 90 0 5 3 6
7(Control) | Sn-Ag-Cu| Sn-Ag-Cu 235 60 90 0 5 0 6
8 Sn-Ag-Cu Sn-Pb 215 60 90 0 3 0 3
0 38 9 45

ATC Reliability Results and Discussion

A summary of the thermal cycling results after toenpletion of 3559 testing cycles is shown in Tdhlét the conclusion of ATC
testing, all of the smaller BGA components (CABG82thd CTBGA132) had failed as indicated by theoyelhighlighted boxes.
The grey highlight in Table 5 shows that no CABGA28nd CTBGAL132 packages were assembled under swmnaly flow
condition 8. The two green highlighted boxes shbe/mumber of SBGA600 packages assembled on OSihdinhiPCBs that failed.
The green highlighted box under assembly procesg flA shows that only 1 out of 18 SBGA600 packagiéh pure Sn-Pb solder
joints failed while the green highlighted box un@dssembly process flow 7 shows that 4 out of 181@fSBGA600 packages with
pure SAC solder joints failed. The data in the lghite highlighted boxes represents packageshadtnot failed at the end of the
ATC testing period. Interestingly, it is the larg@ackages, PBGA324 and SBGA600 with mixed soldley goints that displayed
this characteristic. However, it is important tadenalso in Table 5 that under the assembly proteaslB (packages assembled on
ENIG finished PCBs), all the PBGA324 and SBGA60@kames failed. Another significant note from Tablés that 17 out of 18
PBGA324 packages built under the assembly flowmirg8AC solder joints) failed.

Table 5: A summary of the accelerated thermal cyatig test results showing the number of failed packags corresponding to
package size, PCB surface finish and assembly pr@seflow conditions (as given in column 1 of Table)4

Number of Failed Packages After 3559 ATC testing Gyes

PCB Finish OSP | ENIG |OSP|OSP|OSPIENIG| OSP | ENIG | OSP|OSP| OSP

Assembly

Process Flow 1A 1B 2 3 |4A | 4B 5A 5B 6 7 8
SBGAG600 1/18 9/9 |0/18|0/18|0/18] 0/9 0/18 0/9 | 0/14 4/18| 0/18
PBGA324 0/181 9/9 |0/18|0/18]0/18] 0/9 0/18 0/9 | 0/1417/18 0/18

CABGA288 18/18| 9/9 |18/1918/1918/14 9/9 | 18/18 | 9/9 |18/1g418/1§ O
CTBGA132 18/18| 9/9 ]18/1918/1918/14 9/9 | 18/18 | 9/9 | 9/9 |18/1§ O

Failure analysis of the SBGA600 package revealédkbsgoint cracks on both the PCB and the packat@faces that only extended
about half-way through the solder joint interfac€kis failure mode is represented in the dye arydnpapping shown in Figure 4.
Figure 5 shows an SEM image depicting the sameré&imode. This failure mode could not be confirngdelectrical testing.
Figures 4 and 5 represent the typical failures weat observed on the largest BGA packages.



Figure 4: The Dye and Pry mapping for SBGA600amponent showing
the crack locations and percent fracture of the sdler joints.

Figure 5: SEM image showing the typical soldemjnt fractures
observed on the SBGA600package. These fractures ¢u
not be confirmed by electrical testing.

The failure data presented in Table 5 was furtteissically analyzed using two-parameter Weibutidals, but only the CTBGA132
and CABGAZ288 provided enough data for analysis. fiéw section discusses failure analysis datahiesd two packages.



Impact of Time above Liquidus Temperature (TAL)

A review of the solder joint reliability data forahCTBGA132 component assembled on an OSP-finisi@# Bsing a peak

temperature of 22C and a 90% stencil-to-pad opening for Sn-Pb paep@sition is discussed first.

In Figure 6, the impact of time above liquidus atdsr joint reliability for the CTBGA132 package shown. It was observed that
increasing the TAL from 60 to 120 seconds correlatith improved solder joints reliability for thjgackage. It was also noted that
the 120 seconds TAL corresponded with the highegiesand the 60 seconds TAL corresponded with thallest slope. From the
results of the as-assembled solder joints repatseivhere [23], all the TALs had shown completéuimmixing between Pb-free Sn-

Ag-Cu and Sn-Pb solder alloys.
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Figure 6: A Weibull plot showing the impact of thetime above liquidus
temperature on solder joint reliability for the CTB GA132 component.

Further, the CTBGAL132 solder joint failure modesetved at the three different TALs were evaluabedrigure 7, the failure mode
observed for a package assembled using a 60-sdddinds shown. The failure was recorded only aft844hermal cycles but the
component was further cycled to 3010 cycles. Netédoim Figure 7 is that 100% mixing between thePdnand the Sn-Ag-Cu solder

alloys was obtained.




Figure 7: An optical image at 100x of a cross-seoti of CTBGA132
component solder joint that failed after 484 thermacycles.

More detailed examination using scanning electréaecrascopy (SEM) of the solder joint microstructuesealed that mixing a SAC
solder ball with Sn-Pb solder paste may not necigsasult in uniform microstructure. The compoheide microstructure often
contains more Sn primary phase and less interden@®n+Pb+AgSn+ eutectic as observed in Figure 8. This typetaicture
recystallizes more easily than those with the mtgallic particles at the grain boundaries and cedureliability. The eutectic
accumulation may occur at the board side causirigtarfacial failure through the Pb-rich layer. $kional microstructure formation
is typical of an alloy with a wide pasty range dis}iing in non-uniform heat dissipation conditionSor SAC solder ball/Sn-Pb solder
joints the minimum liquidus-solidus range is notroaver than 30°C [24, 25]. The freezing of mixetbglbegins with primary Sn
dendrite formation. They preferably nucleate onekisting Sn crystals that may not completely digsan liquid solder or on Sn
clusters that existed in liquid solder at the terapge very close to the solidus point. The sdlidiion continues with the binary Sn-
Pb and then ternary Sn+£&8n+CySn; formation in interdendritic spaces toward the ésitipart of the joint, which is more likely the
board side.

Unfortunately, this level of microstructure examation was not applied to the as-assembled condififter thermal cycling, it was
difficult to separate microstructure evaluationidgrthermal cycling from the initial microstructufdevertheless, increasing the time
above ligiudus allows for improved uniformity ofjliid solder, dissolving the last portion of Sn ghatestroying some clusters and
reducing temperature gradient across the soldetsjoi

Figure 8: Cross-section SEM image of CTBGA132 compent
solder joint recorded to have failed after 981 themal cycles.

The Weibull plots for CTBGA132 components are showirigure 9 and the results are summarized irhte®gram in Figure 10.
These figures present data comparing the soldet ieliability of the Sn-Pb/Sn-Ag-Cu mixed alloylder joints to the “pure” Sn-Pb
and Sn-Ag-Cu solder joints as a function of timenab liquidus with a 90% stencil opening for pastéease. The solder joint
reliability of mixed SAC ball/Sn-Pb assembled af E2conds above liquidus temperature (TAL) outperfothe “pure” Sn-Pb joints



and the reliability of mixed solder joints is asogoas that of “pure” Sn-Ag-Cu Pb-free solder joiftom the foregoing results, it was
observed that increased TAL during assembly offiBGA132 component correlated with improved sojdent reliability.
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Figure 9: A Weibull plot showing the reliability of mixed alloy (Sn-Pb and Sn-Ag-Cu) solder joints, the “pure” Sn-B and
“pure” Sn-Ag-Cu solder joints as a function of thetime above liquidus for the CTBGA132 component.

Figure 10: Impact of time above liquidus on the rahbility of mixed solder joints for the
CTBGA132 component. Increasing the TAL correspondd increased characteristic life.

An optical image of a cross-section of a Sn-Pb/grcA mixed alloy solder joint assembled with a TAL60 seconds, a peak
temperature of 2T and a 90% stencil opening is shown in FigureThk solder joint failed after 679 thermal cycles tere cut
out from the test vehicle after 3010 thermal cyckesypical failure mode was observed on the conemiisolder interface side along
the microstructural coarsened band.



Figure 11: Failure mode observed for SAC/Sn-Pb mixaesolder joint after 679 thermal cycles.

The impact of time above liquidus on the charastieriife for the CABGA288 component is illustratedFigure 12. The data in this
graph shows that increased TAL does not necessamihgspond to improved solder joint reliability.

Figure 12: Impact of time above liquidus on the rahbility of mixed solder joints for the CABGA288
component. Increasing the TAL does not improve sokt joint reliability.

The trend of the data displayed in Figure 12 isithn to correlate to the extent of mixing obserbetiveen the Sn-Pb and the SAC
solder alloys. In the case of the CABGA288 componalh of the TAL testing parameters used did naviple homogenized mixing
between the alloys, a necessary condition for iwgaaeliability.

Surface Finish Effect

Boards with OSP copper and ENIG were assembledsabjgcted to accelerated temperature cycling terstand the reliability of
mixed solder when used on copper and nickel susfadéigure 13 compares the impact of surface fifid8P and ENIG surface
finishes on copper pads) on solder joint reliapiidr the CTBGA132 package with mixed alloy solgtEnts and pure Sn-Pb controls.
Important to note is that, for this component, éxtent of SAC and Sn-Pb solder alloys mixing unalérassembly process flow
conditions was observed to be 100%. With this adenit was found that solder joint reliability waetter when soldered directly to
copper than when using ENIG for the mixed soldseawblies. Similar findings were also observed encitntrol Sn-Pb assemblies.
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Figure 13: Weibull plot showing the impact of surface finish (&P and ENIG surface finishes on copper pads) on
solder joint reliability for the CTBGA132 package with mixed alloy solder joints and pure Sn-Pb contrés.

In examining the CBGA288 package, the pure Sn-Rbéhaimilar trend to that observed for the CTBGA13@th for the OSP and
ENIG finishes. However, under the mixed soldettesyswhen the extent of mixing is less that 100%, ENIG surface finish has

better performance than the OSP finished coppdepited in the Figure 14.
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Figure 14: Weibull plot showing the impact of surface finish (&P and ENIG surface finishes on copper pads)
on solder joint reliability for the CABGA288 package with mixed alloy solder joints and pure Sn-Pb camols.

Failure analysis was performed for the mixed so@IEBGA132 attachment on copper OSP and ENIG suiffaishes at 873 cycles
and 980 cycles, respectively. For both finishias,mhajority of the failures occurred within the bsblder near the pad interface on
the component side. The factures appeared tolieam through the coarsened band indicating faiigeep failure. It was also
noted that the mixed solder CTBGA132 with coppePQ@8rface finish had spalling intermetallics throoigt the solder joint and a
more homogenized solder structure.

Figure 15: Photographs showing the failure modes aerved on the mixed solder joints
for the CTBGA132 package assembled on OSP and ENlfinished PCBs.



Peak Temperature

For the peak temperature comparison, only the PB4t d SBGA600 BGAs were assembled at two diffepeak temperatures to
understand and compare the extent mixing of SACSm&b solder alloys as well as reliability perfarme. However, only minimal
failures where observed for the PBGA324 and SBGA&Dthe end of the 3559 ATC testing cycles. Dught minimal failures
observed, a comparison of peak temperature halewot performed at the time of writing this paper.

A Comparison of Mixed and Non-Mixed Solder Joints

When comparing mixed solder and pure Sn-Pb whedes@aste volume is fixed, it was observed thatiftaa higher level of
mixing between the Pb-free solder ball and the BrpBste provided a higher solder joint reliabiligr the CTBGA132 and
CBGA288 components.

In Figure 16, it is observed that for the CTBGAX&Inponent, the mixed soldering conditions provildetter reliability performance
when compared to the pure Sn-Pb soldering conditidthe CTBGA132 in this test case had 100% mixatd/iben the Pb-free solder
ball and Sn-Pb paste. When examining the slopgbeofmixed solder at various times above liquidheytappeared to be similar to
the pure Pb-free system.
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Figure 16: Weibull plot showing a comparison of thesolder joint reliability between the mixed soldemg conditions and the
pure Sn-Pb and pure SAC soldering conditions on thETBGA132 package.

When examining the reliability performance of th®@&A288 package, a similar trend to that observed-igure 16 for the
CTBGAL132 package emerged. From Figure 17, it wasdahat the slope of the Weibull plots for the etxsolder testing conditions
was similar to that of the pure Pb-free systemweleer, the reliability of the mixed solder jointasvnot as good as that of pure Sn-
Pb or the pure Pb-free conditions. The extent afies alloy mixing between the Pb-free and the BnsBlder alloys was
approximately 66%, 75% and 83% for 60, 90, and d&tfbnds TAL respectively.
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Figure 17: Weibull plot showing a comparison of thesolder joint reliability between the mixed soldemg
conditions and the pure Sn-Pb and pure SAC soldermconditions on the CABGA288 package

Conclusions

At the time of publication of this paper, 3559 AT€st cycles were completed at a temperature rahgd0dC to 125C. The
CTBGA132 (8mm and 0.5mm pitch) and the CABGA288 (@& and 0.8 mm pitch) packages showed a significanmiber of
failures across all of the assembly test conditievisle no failures were recorded for the PBGA323 (hnm and 1.0 mm pitch) and
SBGAG600 (45 mm and 1.27 mm pitch) packages fornineed alloy assemblies. The following conclusi@ie drawn from this
work:

For the smallest, CTBGA132 package (8 mm and 0.5 pital), all three TAL conditions had full soldelfcys mixing. The
solder joint reliability of the fully mixed test ssmblies for all TALs (= 60, 90, and 120 secondsgeds that of Sn-Pb and is at
least equal to that of pure SAC.

For the larger, CABGA288 package (19 mm and 0.8 pitich), increasing the TAL does not provide complsblder alloy
mixing. The solder joint reliability of all TALs s#ed (TAL = 60, 90, and 120 seconds) is less thahdf both pure Sn-Pb and
pure SAC. The longest TAL condition displayed adresolder joint reliability among the three TALrlitions.

For the two largest packages, PBGA324 (23 mm a@dnin pitch) and SBGAG600 (45 mm and 1.27 mm pitdespite lack of
complete solder alloy mixing, the solder joint ablility was better than that of either “pure” Sn-&t'pure” SAC solder joints.

In general, the OSP-copper had better performamae the ENIG surface finish. However, the failupedtions were almost
exclusively at the package side of the solder jaimt within the bulk solder. At this time no midrgtural correlation has been
identified linking surface finish and improved educed reliability.

Full Sn-Pb and SAC solder alloys mixing is not #isient condition to guarantee good reliability.
For small packages with low fatigue life requirentseriull solder alloys mixing and homogeneous nstmacture is
required while for large packages with long fatigxtended life requirement, full solder alloy migins not
necessary for acceptable solder joint reliability.
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