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Many lead-free solder alloys based on the Sn-Ag-Cu (SAC) ternary eutectic (Teut = = Table | and Fig. 1 & 2 show the particle measurements for the Tt % conriborion r _ | R AT T s
217°C) system have been proposed throughout the years with a wide array of as-cast, solder wire samples. All Al-modified samples produced .. L \ :
applications, especially concerning microelectronic ball grid array (BGA) systems. This Cu,,Al,, particles; verified by the EDS atomic ratio results which 7 : : . r
work aims to decipher the nucleation behavior and growth of Cuj;Al;; intermetallic, a approximately match 33:17 (33:17 = 1.94). _ I : 4 r
faceted particle phage, based on small variations of both Cu wt.% (0.34-3.0%) an(_j Al = The graph in Fig. 2, along with the visual examples in Fig. 3, > r i .
wt.% (_O.(_)-O.4%) within a§-past microalloyed SAC+AIl and Sn-Cu (SC) + Al solders wires orovide evidence for the inverse relationship between initial - ; HEE . B i
and within SAC+AI BGA joints. superheat temperature and maximum particle size formation. . B B B & H & E E E . -H. B B R B R E:® N
Ultimate Goal: Control the fundamental solder nucleation processes within When referencing the diagram in Fig. 4 and the DSC data shown | Samp e B |
microelectronic BGAS through Specified additions of Al to solders systems. N Fig_ 5, this makes sense, given that time spent at 800°C is Figure 1: Cug,Al,; volume fraction in wire alloys. Figure 2: Cug,Al;; mean chord length in wire alloys
. Benefits of Al Additions in Solder Allovs: below the ultimate alloy liquidus, pos_S|ny allowing for o2l 50 60 B e o  we P o |
Al additions provide a notable reduction in undercooling to SAC solders, all convergence and growth of the Cu;Al,; particles, L A% | :/
while maintaining solder melt temperature. [ ’ Oo ] A ’gi;:r B = 7
» Al additions increase suppression of the Ag;Sn blade phase within SAC i ol R // =
solders. This phase has detrimental embrittlement effects to the overall ‘ 6 X—f > e
performance of SAC solder joints. [ | . , | [ SHTT N
« Al additions, in SAC & SC solders, promote the formation of a beneficial _ 8 A \\ ' - |
Cu,,Al;; faceted particle phase. This phase provides benefits through: g - TETETE R & % & % 0 e e e |
= Extraordinary hardness: found to range from 30-50 GPa, depending on the Figure 3: SEM images of CussAI1zr|;);r::i)clg(s)t\r/]vitt;i(r;izact)(;;%(?xamples6(Ieft) & 800°C Sample 8 Figure 4: Al-Cu phase diagram. 3! Figure S:S\éleerlgz \gg\r/nvleDlgC heating Figure 6:§/\émlegli¥gnaer\r/]vpcl)£ Iigc cooling
pase hardness of the surrounding matrix. This could potentially produce N | S T | Y
neneficial particle hardening effects%vithin the solders. 1] i 7P " DSCresults sh,own. n Figs. S & 6, conducted on Sample_lO, due | ° G
o . 1 . to the sample’s high CugsAl;; vol. %, show the heating and < |
= Low density: CuyAl;; particles are buoyant within molten Sn. This buoyancy . . . " ® o »
e . cooling events of the solder alloy. The ultimate alloy liquidus ‘ ]
could prove to be useful within BGAs, where most of the fatigue occurs at the . fod bet 1060-1120°C. Th i . e
top interface between the solder and the ceramic substrate. [ range was identifie eTween . - 111e COOINY CUVes | ”ﬁ: o
= Initial nucleation sites: Evidence shows that Cu,;Al;; Is likely the first phase agree w_ell_for the SO“d'f!Cat'on _range dentified for the CuzzAl,; F N L T Q ~
to form within these solder systems, and that it persists throughout the solder phase Wlthlnthevphase diagram in Fig. 4. , Figure 7: SAC+AI BGA (ief) showing 5“6-8773)"7,”27 poar ucloation on suriate o, - 1z harticies, Sample 10 (2000x, middle &
reflow cycles (due to its high melt/formation temperature). It is hypothesized SR 4 N “oom I \ 4 | o o NI GGG e Snanowing o s BY - leolls .
that this incipient particle formation allows Cu,;Al;; to act as the nucleation A A3 gEBSD orain 4 ] ;Qf#\il E;(s?mvlvri]t?]tilr?nthcsuspcl)lec?e;/;Itgrfgetr?e Sncafiiugi S;pnpuoglte;qieo:ygoéﬁsgrtr;ﬁ; ngsélf
agent for lower melting intermetallics, such as Cu,Sn;, and In turn, for the map showing ~2 Sn | . . . . gent & Lo
nucleation of the surrounding Sn matrix. This would allow for Sn grain e grains (lef) iIntermetallic phase,“ which ther,\, nuclegtes the sur.roundlng Sn matrlx_. Thl_s IS seen
refinement within solder BGAs, reducing fatigue, and suppressing crack SACHAI EBSD drain _throygh the CusSns “flower pet?I forma.tlor,l’ surrounding the Cu33A!17 particles m_the_BGA
oropagation during thermal cycling. 2 i map showing ~4-5 Sn | | In Fig. 7, and also through the shadow_mg of Cu3?_,AI17 I_oy Cu68n5_|n _Sample 10 in Fig. 7.
| oSS ! grains (right). D EBSD results (see Fig. 8) also show slight Sn grain refinement within the SAC+AIl BGA,
Experimental Procedure: 43{ = ‘et " ataged even at an Al wt.% = 0.015, as compared to baseline SAC305 BGA sample.

= The solder wire samples were produced by the Materials Preparation Center at _
Ames Laboratory via closed atmosphere drop casting. Full compositions shown In Conclusions & Future Work:

Table I, below. SAC305 & SAC+AI BGAs were provided by Rockwell Collins. = Summarized Results:
= The solder wire ingots were held at one of two superheat temperatures, 800°C or « CugsAl,; particle formation was observed within all of the tested as-cast, Al-modified solder wire alloys and within the SAC+AIl BGA solder sample.
1200°C, for 60mins before being solidified via a water quench. The solder ingots » Possible particle coarsening/convergence was seen at the 800°C superheat temperature, resulting in higher maximum Cu,;Al,, particles sizes.
were then drawn into 1.7 mm diameter wire. « DSC heating cycle data showed a high temperature, final liquidus of the ternary, SC+Al , alloy within the range of 1060-1120°C, and the cooling cycle curves
= The wire alloys were analyzed via SEM, EDS, and DSC, using a ramp up to 1200°C show possible solidification events for the Cu,,Al;,, CusSn,, and the final solder Sn matrix. The average undercooling was measured to be ~8°C.
to analyze the wire alloy’s ultimate liguidus range. The BGA joints were visually * Visual examinations, DSC, and EBSD mapping provided evidence to support the hypothesis that Cu,;Al,; particles are the first phase to form during
examined via SEM and grain size/orientation was mapped via EBSD. solidification of the solder alloys. It is further hypothesized, with the support of the compiled results, that these particles then act as a nucleation agent for
Table I: Composition, superheat temperature, and particle data on the SAC+AIl and SC+Al wire alloys. Compositions and particle data on the SAC305 and Cu6sn5 mtermetalllc, fO”OWGd by the Sn matrlx, WhICh haS a reﬁned grain structure due (0 the Al additions in the BGAJOInt
SAC+AI solder BGAs also shown. » Future Work:
Sample Number Snwt.% Ag wt.% Cuwt.% Alwt.% Superheat Temperature (°C) Cu/Al At. % - : : : : : : : : :
Sample Series 1: SAC-+AI at 1200 °C « Perform solidification studies between various solder alloy and bulk Cu,;Al,; samples In order to decipher the orientation relationship between the solder
. gggg 328 ggg 882 388 o constituents and the surface of Cus,Al,-.
3 05,55 350 0.85 0.10 1200 178 « Perform further EBSD analysis on SAC vs. SAC+Al BGA samples with varying Al contents to more thoroughly determine the correlation between the Al
4 95.55 350 0.80 0.15 1200 1.93 addition, Cu,,Al,, particle formation, and the overall Sn grain refinement seen within the joints.
5 95.55 3.50 0.75 0.20 1200 Two Phase: 1.32 (Outer), 2.34 (Inner)
6 95.55 3.50 0.70 0.25 1200 1.72
Sample Series 2: SAC+Al at 800 °C References:
7 95.55 3.50 0.75 0.20 800 1.58 1] Boesenberg, A. J., I. E. Anderson, and J. L. Harringa. "Development of Sn-Ag-Cu-X Solders for Electronic Assembly by Micro-Alloying with Al." Journal of Electronic Materials Vol. 41, No. 7, Pp. 1868-1881. (2012).
8 95.55 3.50 000 0 ., 800 1.68 2] Lindley, K.L., I.E. Anderson. “The Nucleation and Growth of Cu,,Al,- in Al Modified Sn-Ag-Cu and Sn-Cu Pb-Free Solder Alloys.” Journal of Electronic Materials. (Accepted, under revisions: January 2014).
. 08 ot 0.00 Salmz'%'e Se”eS?"SCg?(')at 12007C 100 Lo 3] Murray J. L., Al-Cu Phase Diagram, 1990, ASM Alloy Phase Diagrams Center, P. Villars, editor-in-chief; H. Okamoto and K. Cenzual, section editors; http://www1.asminternational.org/AsmEnterprise/APD, ASM
10 96.60 0.00 3.00 0.40 1200 197 International, Materials Park, OH, 2006-2013.
Sample Series 4. Solder BGA Samples
SAC 305 BGA 96.50 3.00 0.50 0.00 -- -- Acknowledgements:
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