
LBL-19979 
~~ 

Lawrence Berkeley Laboratory 
UNIVERSITY OF CALIFORNIA 

Materials & Molecular 
Research Division 

Presented at the Annual Meeting of the 

h ,C C : J IJ .: L) 

Electron Microscopy Society of America, L:. , . · .vo 
·Louisville, KY, August 5-9, 1985 ·::-.:~~:::::.:,;..:;s-=.c-;-, .. :;;• 

OBSERVATIONS OF PRECIPITATES IN 95Pb-5Sn SOLDER 

D. Frear and J.W. Morris, Jr. 

July 1985 
TWO-WEEK LOAN COPY ,. 

-··:~ ·.·~. .) 

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098 

r 
\1\1 
r 
r -



DISCLAlMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain conect information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of · 

·California, nor any of their employees, makes any wananty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



J 

LBL-19979 

OBSERVATIONS OF PRECIPITATES IN 95Pb-5Sn SOLDER 

Darrel Frear and J.W. Morris, Jr. 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, California 94720 

July 1985 



• 

r 

OBSERVATIONS OF PRKCIPITAmS IN 95PB-5SN SOLDER 

Darrel Frear and J. W •. Morris Jr. 

The electronic packaging of integrated circuit chips h~s been cited 
as the limiting factor in the performance and reliability of high speed 
data processing units. A very important part of the package is in the 
first level where solder bonds the IC chip to a ceramic carrier. The 
most commonly used first level solder is 95Pb-5Sn. The importance of 
this solder connection instigated the following fundamental study of the 
microstructure of 95Pb-5Sn and its precipitates • 

The alloy was melted in vacuum at 400° C using 99.9% pure Pb and 
Sn. The ingot was allowed to cool and age for a few days at room 
temperature. TEM 3mm foils were cut and mechanically thinned down to 4 
mil thickness. After aging at room temperature the solder is considered 
to be in its equilibrium state, no further changes in microstructure are 
observed.1 Electropolishing to perforation was performed using 80% 
Glacial Acetic acid with 20% Perchloric acid at 3 volts. Final thining 
and oxide removal was performed using the cold stage ion will at 5 KeV 

· and 0.5 mA. The problem of viewing through the high atomic number of 
the solder was lessened by using the Kratos 1.5 MeV HVEM at the National 
Center for Electron Microscopy at Berkeley. A 1.5 MeV accelerating 
voltage allowed greater penetration depth and large thin areas in the 
foil were obtainable. 

Figure 1 shows an optical micrograph of 95Pb-5Sn solder. There is 
an even distribution of discrete precipitates. This is in contrast to 
previous work that found the body centered tetragonal p Sn precipitates 
out in continuous plates in the Pb matrix.2•3 Figure 2 shows a TE.M 
micrograph of the ~ Sn precipitates. The precipitates have the morph
ology of small plates. An edge on view of a precipitate is found in 
Fig. 3. The precipitate lies on a {111} habit plane of the matrix. A 
preliminary orintation relationship of the ~ Sn precipitate in the a Pb 
matrix is diagrammed in Fig. 4. The relationship of the diffraction 
pattern is found to be [OOl]a//[010] 6 with the (020)a misoriented 10° 
away from (101)~. The interfacial aislocations shown in Fig. 3 give 
evidence that the ~ Sn precipitate has a semicoherent fit in the matrix. 
The semicoherent fit of the precipitates with the matrix allows precipi
tation hardening to occur. This would act to compenstate for the 
strength decrease when the Sn leaves the solid solution in forming 
precipitates. 1 •4 
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Fig . 1 Optical micrograph of 95 Pb-5 Sn solder . 
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Fig . 2 TEM image of preciidt.ates in 95Pb-5Sn solder . 
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Fig. 3a. 
3b . 
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TEM image of edge on p Sn precipitate. 
[110] SAD pattern showing the orientation of the matrix . 
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Fig. 4a. SAD pattern of a :precii.' itate/matrix interface. 
4b. Indexed pattern of 4a . 



This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 



_;:...lfiit»~~»-•-,.:~-- - s ~ -~~ 

LAWRENCE BERKELEY LAB ORA TORY 

TECHNICAL INFORMATION DEPARTMENT .. · ··
UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 


