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Abstract 

           A s the Europ ean U nion’ s (EU ’ s)  R oH S directiv es came into force on J ul y 20 0 6, the transition to l ead-free sol der has 
occurred at a rap id p ace. M any manufacturers hav e adop ted Sn/ A g/ Cu (SA C) -typ e sol der al l oys as a rep resentativ e P b -free 
sol der to sub stitute the conv entional  T in-Lead (Sn-P b )  system w ith many rel iab il ity anomal ies unansw ered. T his p ap er is an 
effort to comp are sol der rel iab il ity b etw een the tw o most p op ul ar P b -free sol ders SA C30 5 and SA C 10 5 for temp erature cycl ing 
and drop  test. Sol der rel iab il ity for drop  test and temp erature cycl ing w ere determined ex p erimental l y and v erified using finite 
el ement simul ations. T he resul ts w ere interp reted and the recommendations for the right P b -free sol der w ere made for p ractical  
ap p l ications. 
Keyw ords:  R oH S, P b -free, Drop  test, T hermal  A ging, Ex p eriment, A N SY S. 

 
I n tro d u cti o n  

A  semiconductor dev ice as such can b e 
b roadl y differentiated on the b asis of usage as P ortab l e 
and H and hel d dev ices l ik e cameras, cel l  p hones, 
iP hones, iP ods, etc [1] and as H igh temp erature 
el ectronic dev ices used in industries l ik e A erosp ace, 
A utomob il e or Oil  and Gas industry.  T he recent 
directiv e from R oH S has forced al l  the comp anies to 
b an their tried and tested tin-l ead sol der and use a P b -
free sol der in dev ices [b oth P ortab l e and H and hel d 
dev ices and H igh temp erature el ectronic dev ices] 
using p rocesses that are unp rov en and, in certain 
situations, k now n to b e l ess rel iab l e[2]. Ex tensiv e 
research has b een conducted in the fiel d of l ead-free 
sol der to q ual ify a sol der eq ual  to or sup erior to the 
tin-l ead sol der from the rel iab il ity asp ect. T his ongoing 
research has assisted many manufacturers to streaml ine 
the l ead-free sol der search and find the right sub stitute 
for the tin-l ead sol der system.  

T w o typ es of P b -free sol der hav e b een 
identified as the p l ausib l e answ er to the R oH S 
directiv e. One b eing the Sn/ A g/ Cu (SA C) -sol der al l oys 
SA C30 5 and the other b eing the SA C10 5 sol der. With 
the trend to reduce their inv entory w ithout sacrificing 
the rel iab il ity, comp anies are l ook ing for an ideal  P b  
free sol der that caters their b usiness and ap p l ications in 
an op timiz ed fashion. F rom rel iab il ity p ersp ectiv e drop  
tests for a mob il e ap p l ication and T emp erature Cycl ing 
for H igh temp erature el ectronic dev ices hav e b ecome 
one of the crucial  tests to q ual ify any P b  free sol der 
system. A  thorough comp arison b etw een SA C 10 5 and 
SA C 30 5 on the rel iab il ity of drop  test is stil l  missing. 
T his p ap er is an effort to col l ect the data and comp are 
the resul ts for SA C10 5 and SA C30 5 w ith resp ect to 
the fol l ow ing ap p roach for b oth temp erature cycl ing 
and drop  test: - 

1)  T emp erature cycl ing and drop  test fail ure 
characteristics for an on-b oard p ack age w ere  

 

determined ex p erimental l y.  Data from these 
ex p eriments w ere anal yz ed using 2-p arameter Weib ul l  
statistics, and the characteristic l ife from each set of 
ex p eriments w as determined. T he resul t of 1st fail ure 
and 50 %  fail ure for SA C 10 5 and SA C 30 5 is 
discussed. Site of fail ure and intermetal l ic thick ness on 
the p ack age side w ere inv estigated using the cross-
sectioned samp l es. 
2)  Dynamic simul ation of the temp erature cycl ing and 
drop  test w ere conducted to inv estigate the stress/ strain 
induced in interconnects using A N SY S. Simul ation 
w as done using finite el ement model  to il l ustrate the 
temp erature fl ow  and stress distrib ution throughout the 
j oint. T he effect of accumul ated stress p er drop  cycl e 
and the hot sp ot is rep orted in the p ap er. T he effect of 
the p ack age integrity and w eak  j oints w ith resp ect to 
drop  rel iab il ity is al so discussed.    

 
R e f l o w  p ro f i l e s:  

R efl ow  p rofil es as recommended b y the 
v endor w ere used for b oth SA C10 5 and SA C30 5 w hil e 
attaching the p ack ages to the test b oard. T he refl ow  
had a p reheat ramp -rate of ab out 4 oC/ sec w ith 50  and 
58 seconds ab ov e the refl ow  temp erature and cool ing 
rate of ab out 3.55 oC/ sec and 3 oC/ sec for b oth 
temp erature cycl ing and drop  test v ehicl es as show n in 
the figure 1 and figure 2 resp ectiv el y. 

 

 F igure 1:  R efl ow  p rofil e used for the temp erature 
cycl ing test v ehicl es. 

 

IMAPS 2008 - 41st International Symposium on Microelectronics

000579



  

 F igure 2:  R efl ow  p rofil e used for the drop -test v ehicl e. 
 
I n te rm e tal l i cs:  

During the refl ow  p rocess intermetal l ics are 
formed at the p ack age and b oard side to form a p rop er 
b onding b etw een the sol der and its resp ectiv e p ads. 
T he intermetal l ics formed at the p ack age side w ere 
N i3Sn4 and (Cu, N i) 6Sn5 and at the b oard side w ere 
Cu3Sn and Cu6Sn5 as show n in figure 4. During the 
refl ow  of the p ack age to the b oard the first 
intermetal l ic formed at the b oard side is Cu6Sn5.  B ut 
this b eing an unstab l e l ayer, a v ery thin l ayer of Cu3Sn 
is formed to b ring stab il ity to the system. Cu3Sn 
formed is orthorhomb ic in structure and forms a tightl y 
coherent l ayer w ith nearl y eq uiax ed grains and Cu6Sn5 
forms a rough l ayer w ith hex agonal  p risms that ex tend 
into the sol der interconnect [3]. On the p ack age side 
the A u [gol d] diffuses into the b ul k  sol der after the 
refl ow  p rocess forms A u4Sn intermetal l ic that diffuses 
into the b ul k  sol der. N ick el  acts l ik e a b arrier l ayer 
w ith the b ul k  sol der for its b ase metal  and forms 
(Cu,N i) 6Sn5 intermetal l ic w ith the b ul k  sol der. T his 
intermetal l ic l ayer is ob serv ed on top  of the N i3Sn4 
(adj acent to nick el  surface) . A fter the refl ow  p rocess 
thin rod shap ed b rittl e A g3Sn [4] and A u4Sn [5] 
intermetal l ics are formed in the b ul k  sol der. 

 

 F igure 3:  Intermetal l ics formed for the P b -free sol der 
al l oys. 

 
M E C H AN I S M  
Temperature cy cl i n g  tes t- 

Cyclic loading which is fatigue along with creep 
is the cause of failure in solder j oints during tem perature 
cycling.  M ism atch in the coefficient of therm al ex pansion 
b etween the sub strate and the b oard leads to cyclic 
loading condition.  T his m ism atch constitutes to the 
shear stress fail ures on the sol der j oints. T he intensity 
of this shear stress is p rop ortional  to the CT E 
mismatch b etw een the b oard and sub strate, distance 
from the neutral  p oint, av erage diameter of the sol der 
b al l  and inv ersel y p rop ortional  to the sq uare of the 

l ength of the sol der b al l  [6]. Stiffness of the sol der b al l  
al so constitutes to its ab il ity to resist greater shear 
force. M ost of the fail ure mechanism in the test v ehicl e 
w ere noticed at the b oard/ solder interconnect system .   
 
D ro p tes t- 

It is seen that the test b oards sub j ected to 
horiz ontal  drop  has max imum imp act resp onse on an 
IC p ack age/ b oard [7] and p erfectl y mimics many drop  
tests for mob il e ap p l ication. T he p ack age and testing 
b oard are sub j ected to different stress w hen drop p ed. 
Sev eral  J EDEC standards [8,9] are general l y emp l oyed 
as a b asis l ine for the b oard l ev el  drop  test, al though 
some customiz ed sp ecifications are usual l y made to 
meet the test req uirements for sp ecific p roducts. Sol der 
j oint interconnects ex p erience the w orst stress during 
the drop  test and in most cases l eads to p rimary cause 
of fail ure in a p ack age. T he l ev el s of stress or strain 
accumul ated in a p ack age again dep ends on stiffness of 
the b oard, interconnects and the p ack age. Stiffer 
p ack age and b oard l eads to greater amount of 
l oad/ stress into the interconnects. T he stress on 
interconnects al so dep ends on the symmetry of the 
p ack age. T yp ical l y the corner sol der are sub j ected to a 
greater l oad as comp ared to the center b al l  and 
general l y l eads to op en circuit fail ure. M any times 
intermetal l ics al so p l ay a dominant rol e in the fail ure 
of an interconnects.  

 
E X P E R I M E N T AL  M E T H O D  
T e st v e h i cl e  sp e ci f i cati o n :  
Temperature cy cl i n g  tes t- 

T he dimension of the p ack ages used for 
temp erature cycl ing w as (8.15 x  6.15 x  1.0 )  mm w ith 
48 b al l  foot p rints and daisy chain interconnects for 
continuous monitoring of the sol der j oint resistance 
during testing to monitor op en circuits. T he test 
p ack age is show n in figure 4. T his sol der mask  defined 
p ack age had a sol der resist op ening of 40 0  microns. 
T he p ad finish for p ack ages used for the test w as 
EN IG [N i-A u].  

 F igure 4:  T est p ack age sp ecification:  88 b al l  P B GA  
(8.15 x  6.15 x  1.0 )  mm 

Six  such p ack ages w ere mounted to the test b oard as 
show n in figure 5. T he dimensions of the b oard used 
for the test w as (140  x  130 )  mm. Identical  test v ehicl es 
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w ere used for the comp arison of the tw o P b -free 
sol ders. 

 
 

 F igure 5:  T emp erature cycl ing v ehicl e used for 
SA C10 5 and SA C30 5 comp arision.  

 
D ro p Tes t- 

T he dimension of the p ack ages w as (11 x  8 x  
1.2)  mm w ith 88 b al l  foot p rints and daisy chain 
interconnects for continuous monitoring of the sol der 
j oint resistance during drop  imp act testing. T he test 
p ack age is show n in figure 6.  

 F igure 6:  T est p ack age sp ecification:  88 b al l  P B GA  
(11 x  8 x  1.2)  mm 

 
 

  
F igure 7:  Drop  test v ehicl e used for SA C10 5 and 

SA C30 5 comp arision. [10 ] 
T his sol der mask  defined p ack age had a sol der resist 
op ening of 40 0  microns. T he p ad finish for p ack ages 
used for the test w as EN IG [N i-A u]. 15 such p ack ages 
w ere mounted to the test b oard as show n in figure 7. 

J EDEC Standard J ESD22-B 11 drop  test b oard w as 
used for the test. T he dimensions of the b oard used for 
the test w as (132 x  77)  mm. Identical  test v ehicl es 
w ere used for the comp arison of the tw o P b -free 
sol ders.              
 
E x p e ri m e n tal  se tu p  an d  p ro f i l e :  
Temperature cy cl i n g  tes t- 

F our test b oards w ith tw el v e p ack ages 
(doub l e side SM T , 6 units on each side)  on each b oard 
w ere used for the test for b oth SA C 30 5 and SA C10 5 
p ack ages. T he resistance w as monitored w ith the hel p  
of the daisy-chain p er p ack age during the test. 
R esistance measurement w ith more than 10 0 0  ohm  

 F igure 8:  T hermal  cycl ing test chamb er and data 
monitoring system  

 
l asting for 1 microsecond or l onger w as considered as 
a fail ure and the corresp onding numb er of drop s w as 
noted. T he b oard w as sub j ected to a cycl ic l oading 
b etw een -25 to 125 oC from room temp erature w ith a 
dw el l  time of ab out 5 mins. T he total  cycl ic time w as 
for 20  minutes. T he temp erature cycl ing chamb er is 
show n al ong w ith the resistance measurement system 
is show n in figure 8. T he ramp -rate and p rofil e used 
are show n in figure 9. 

 

 F igure 9:  T emp erature cycl ing test set-up   
 
D ro p tes t- 

F our test b oards w ith 15 p ack ages on each 
b oard w ere used for the drop  test for b oth SA C 30 5 
and SA C10 5 p ack ages. T he drop  test ap p aratus setup  

77
 m
m
 

1 3 2  m m  

1 4 0  m m  

130 m
m
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is show n in figure 9. T he resistance w as monitored 
w ith the hel p  of the daisy-chain p er p ack age after each 
drop  cycl e. R esistance measurement w ith more than 
10 0 0  ohm l asting for 1 microsecond or l onger w as 
considered as a fail ure and the corresp onding numb er 
of drop s w as noted. T est drop  duration w as for at l east 
30  drop s or until  80 %  of al l  dev ices fail ed or w hich 
ev er w as earl ier. A ccel eration used for the test w as 
150 0 g w ith a p ul se time of 0 .5 ms. T he cal ib ration 
p rofil e used for the drop  test is as show n in figure 10 . 

 

 F igure 9:  Drop  test set-up   
 

 F igure 10 :  Drop  T est Cal ib ration P rofil e 
 
E x p e ri m e n tal  R e su l ts:  
Temperature cycling test- 
S A C 3 0 5  s o l d er f ai l ure- 

SA C 30 5 had fail ures at the Intermetal l ic 
l ayer on the b oard side as show n in figure 11. On the 

p ack age side there w as no crack  initiation or fail ures 
seen. On the b oard side the crack  seems to hav e 
originated at the interface of the cop p er p ad and the 
b ul k  sol der [b etw een Cu6Sn5.  and the b ul k  sol der] 
p rop agating through its interface and b ul k  interface. 
Identical  fail ures w ere seen in other SA C30 5 
p ack ages. 

 
 

 F igure 11:  SA C 30 5 typ ical  sol der fail ures for 
temp erature cycl ing test 

 
S A C 1 0 5  s o l d er f ai l ure- 

SA C 30 5 had fail ures at the Intermetal l ic 
l ayer on the b oard side as show n in figure 12.  On the 
p ack age side there w as no crack  initiation. On the 
b oard side the crack  seems to hav e originated at the 
interface of the cop p er p ad and the b ul k  sol der 
[b etw een Cu6Sn5.  and the b ul k  sol der] p rop agating 
through its interface and b ul k  interface or fail ures seen. 
T his crack  initiation and p rop agation w as v ery simil ar 
to SA C30 5 fail ures. Identical  fail ures w ere seen in 
other SA C10 5 p ack ages.  

 

 F igure 12:  SA C10 5 typ ical  sol der fail ures for 
temp erature cycl ing test 

 
D ro p test- 
S A C 3 0 5  s o l d er f ai l ure- 

SA C 30 5 had fail ures at the Intermetal l ic 
l ayer on the p ack age side and the through the l aminate 
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b eneath the p ad l ocation on the b oard side as show n in 
figure 13.  

 

 F igure 13:  SA C 30 5 typ ical  sol der fail ures for drop  
test  

On the p ack age side the crack  seems to hav e 
p rop agated through the w eak  interface of the 
(Cu,N i) 6Sn5 intermetal l ic. T he interface b etw een the 
N i3Sn4 and (Cu,N i) 6Sn5 is p rov en to b e a w eak  
interface[1 1 ] . T his might b e a p ossib l e reason for the 
stress riser and crack  initiation during the drop  test 
near the p ack age. On the b oard side the crack  seems to 
hav e originated at the interface of the cop p er p ad and 
the l aminate and seems to hav e p rop agated through the 
l aminate structure inside the b oard. Identical  fail ures 
w ere seen in other SA C30 5 p ack ages. 
 
S A C 1 0 5  s o l d er f ai l ure- 
 SA C 10 5 had fail ures through the l aminate 
b eneath the p ad l ocation on the b oard side as show n in 
figure 14. 

 

 
F igure 14:  SA C10 5 typ ical  sol der fail ures for drop  test 

 
On the p ack age side the crack  seems to hav e 
p rop agated from either direction at the interface 
of,(Cu,N i) 6Sn5 intermetal l ic. B ut this crack  on the 
p ack age side seems to far l ess critical  as comp ared to 
SA C30 5 p ack age. On the b oard side the crack  seems 
to hav e originated at the interface of the cop p er p ad 
and the l aminate and seems to hav e p rop agated 
through the l aminate structure inside the b oard. 
Identical  fail ures w ere seen for the other SA C10 5 
p ack ages. 

 

I n te rm e tal l i c th i ck n e ss 
Temperature cy cl i n g  tes t- 

F or SA C30 5 intermetal l ic l ayer N i3Sn4 and 
(Cu,N i) 6Sn5  formed at the p ack age end after the refl ow  
w as ab out 2.36 microns [av g] and that for SA C 10 5 
w as ab out 2.38 microns [av g] as show n in figure 15 
and 16.  

 

 F igure 15:  T emp erature cycl ing- (Cu,N i) 6Sn5 
Intermetal l ic at the p ack age side for the SA C 30 5 

al l oy. 

 F igure 16:  T emp erature cycl ing- (Cu,N i) 6Sn5 
Intermetal l ic at the p ack age side for the SA C 10 5 

al l oy. 
 
T he reason for p oor p erformance for the SA C10 5 in 
temp erature cycl ing can b e attrib uted to its stiffness as 
comp ared to SA C30 5. T he fail ure modes w ere 
common for b oth the sol ders SA C30 5 and SA C10 5 
[right through the interface of Cu6Sn5 and the b ul k  
sol der].  T he fail ure might b e due to a w eak er cop p er 
intermetal l ic interface w ith b ul k  sol der acting l ik e a 
stress riser and a site for crack  initiation during the 
temp erature cycl ing. 
 
D ro p tes t- 

F or SA C30 5 intermetal l ic l ayer N i3Sn4 and 
(Cu,N i) 6Sn5  formed at the p ack age end after the refl ow  
w as ab out 3.652 microns [av g] and that for SA C 10 5 
w as ab out 2.24 microns [av g] as show n in figure 9 and 
10 .  

 F igure 17:  (Cu,N i) 6Sn5 Intermetal l ic at the p ack age 
side for the SA C 30 5 al l oy. 

 

 F igure 18:  (Cu,N i) 6Sn5 Intermetal l ic at the p ack age 
side for the SA C 10 5 al l oy. 
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T he reason for p oor p erformance for the 
SA C30 5 can b e attrib uted to the formation of a thick er 
intermetal l ic l ayer of N i3Sn4 and (Cu,N i) 6Sn5 [p ack age 
side] as comp ared to SA C10 5 p ack age as show n in 
figure 9 and figure 10 . T he fail ure might due to the 
greater mismatch b etw een the N i3Sn4 and an ov erl ying 
(Cu,N i) 6Sn5 l ayer w hich might l ead to a w eak er 
interface and there b y acting l ik e a stress riser and a 
site for crack  initiation ev entual l y during the drop  test.  
 
W e i bu l l  p l o t 
Temperature cy cl i n g  tes t- 
 

 F igure 19:  T emp erature cycl ing w eib ul l  p l ot 
comp arison of SA C 10 5 v / s SA C30 5 
 
 1st f ai l u re  

(no. of cycles) 
6 3 . 5 %  f ai l u re  
(no. of cycles) 

S AC  3 0 5  610  250 0  
S AC  10 5  580  20 0 0  

T ab l e 1:  T emp erature cycl ing- N o of cycl es to fail ure 
 
Weib ul l  grap h w as p l otted to find the mean 

time to fail ure [t50 ] for b oth SA C10 5 and SA C30 5. 
SA C30 5 p erformed b etter than SA C10 5. SA C10 5 had 
the first fail ure at 580  cycl es as comp ared to 610  
cycl es for SA C30 5. Simil arl y SA C30 5 [250 0  cycl es] 
had 20 %  b etter p erformance for the mean time to 
fail ure [t50 ] as comp ared to SA C30 5 [20 0 0  cycl es] as 
show n in figure 19. 
R eason b eing SA C30 5 is much stiffer as comp ared to 
SA C10 5.  Low er modul us sol der [SA C10 5] has l ow er 
stiffness and thus more suscep tib l e to earl y fail ures due 
to cycl ic l oading and continued shear stress.  
 
D ro p tes t- 
Weib ul l  grap h w as p l otted to find the mean time to 
fail ure [t50 ] for b oth SA C10 5 and SA C30 5. It w as v ery 
cl ear from the data that SA C 10 5 had a much b etter 
p erformance in the drop  test as comp ared to SA C30 5.  

SA C10 5 had the first fail ure at 38 cycl es as comp ared 
to 10  cycl es for SA C30 5. Simil arl y SA C10 5 [110  
cycl es] had 45%  b etter p erformance for the mean time 
to fail ure [t50 ] as comp ared to SA C30 5 [60  cycl es] as 
show n in figure 19. 

 
 

 F igure 19:  Drop  test Weib ul l  p l ot comp arison of SA C 
10 5 v / s SA C30 5 

 
 1st f ai l u re  

(no. of cycles) 
6 3 . 5 %  f ai l u re  
(no. of cycles) 

S AC  3 0 5  10  60  
S AC  10 5  38 110  

T ab l e 2:  Drop  test- N o. of cycl es to fail ure 
 

R eason for p oor p erformance of SA C30 5 P b -
free sol der is its stiffness as comp ared to SA C10 5 i.e. 
SA C 30 5 has higher modul us of el asticity than 
SA C10 5. Low er modul us sol der has l ow er stiffness 
and thus greater cap ab il ity to ab sorb  l arge amounts of 
shock . T his al l ow s the SA C10 5 P b -free sol der to 
accumul ate l ow er strain energy p er drop  cycl e as 
comp ared to SA C30 5 and thus resul ting in an 
enhanced l ife. A l so l ow er sil v er concentration in 
SA C10 5 sol der hel p  in p roducing l ess b rittl e 
intermetal l ics [A g3Sn] and there-b y reducing stress 
risers in the b ul k  sol der. 

 
S I M U L AT I O N  M E T H O D  
M o d e l  Ap p ro ach  
Temperature cy cl i n g  tes t- 

T he sol id model  w as identical  to the 
ex p erimental  test b road w ith a 0 .8 mm b al l  p itch. 
Simil ar dimensions w ere used to simul ate the model . 
In order to sav e comp utation time, a q uarter symmetry 
F EA  model -A N SY S model  for the p ack age w as used 
for the simul ation as show n in F igures 20 . Same model  
w ith different material  p rop erties for the sol der w ere 
used for comp aring SA C10 5 w ith SA C30 5 sol der. 

         S A C  1 0 5  
         S A C  3 0 5  

         S A C  1 0 5  
         S A C  3 0 5  
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 F igure 20 :  Q uarter symmetry model  for the 
temp erature cycl ing 

 
D ro p Tes t- 

T he sol id model  w as b ased on the J EDEC 
Standard J ESD22-B 11 drop  test b oard w ith a p ack age 
as ex p l ained earl ier [(11 x  8 x  1.2)  mm w ith 88 b al l  
foot p rints and 0 .8mm b al l  p itch]. In order to sav e 
comp utation time, a q uarter symmetry F EA  (A N SY S)  
model  w as used for the simul ation is as show n in 
F igures 12. During the drop  as the test b oards w ere 
hinged at the 4 corners the center ex p eriences the 
max imum defl ection. A s the center p ack age of the test 
b oard w as sub j ected to max imum defl ection/ stress, 
onl y the q uarter symmetry of this p ack age w as 
model ed for the simul ation [1 2, 1 3, 1 4]. Same model  w ith 
different material  p rop erties for the P b -free sol der 
system w ere used for the comp arison of SA C10 5 and 
SA C30 5 sol der. 

 

 F igure 21:  Q uarter symmetry model  for the drop  test 
 
 
L o ad i n g  C o n d i ti o n s 
Temperature cy cl i n g  tes t- 

Simil ar l oading condition as show n as in 
figure 9 w as used for simul ation. A nand’ s model  [15] 
w as used as a constitutiv e eq uation to sol v e this model . 
T hree cycl es w ere simul ated to corrob orate the 
simul ation resul ts or trend w ith the ex p erimental  data. 
Data p oints at time chosen to ev al uate the tw o SA C 
sol der during the cycl e is as show n in figure 22.  

 

  
F igure 22:  Loading condition for the temp erature 

cycl ing 
 
D ro p tes t- 

T he first hal f-sine G-curv e w ith a p eak  
accel eration of 150 0 G and duration of 0 .5ms w as used 
as the inp ut l oading for the drop  test simul ation to 
mimic the actual  test conditions as show n in figure 23. 
A s it is v ery difficul t to cap ture the strain energy 
accumul ated in sol der b al l  p er cycl e for the drop  test 
el astic w ork  w as assumed for the simul ation. T he 
disp l acement at the center of the b oard during the drop  
test is show n in figure 24.  

 F igure 23:  Loading condition for the drop  test 
 

 F igure 24:  Disp l acement of the center of the b oard 
 
S i m u l ati o n  R e su l ts:  
Temperature cy cl i n g - 

In order to comp are the rel iab il ity of SA C10 5 
to SA C30 5 for temp erature cycl ing, a p arameter, K =  
W/ E, w as defined.  W is the p l astic w ork  density and E 
is the Y oung’ s modul us of the material .  F igure 25 
show s the grow th in W/ E as a function of the time (or 
numb er of cycl es)  for b oth SA C30 5 and SA C10 5. A s 
SA C30 5 is stiffer than SA C10 5 the p arameter K is 
l ow er for SA C30 5 as comp ared to SA C 10 5. 
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 F igure 25:  P l astic w ork  density/ M odul us of El asticity 
v / s T ime (sec)  for temp erature cycl ing 
 
T his il l ustrates that the SA C10 5 is l ik el y 

accumul ate more K p er cycl e and hence is l ik el y to fail  
sooner than SA C30 5 during temp erature cycl ing. T his 
is in agreement w ith the ex p erimental  data. T he corner 
sol der b al l s of the p ack age w ere sub j ected to 
max imum stress during the temp erature cycl ing as in 
figure 26. T he model  al so mimics the sol der j oint 
crack  initiation site at the P CB  and the b ul k  sol der 
interface. 

 

 

           
  F igure 26:  N odal  contour p l ot for corner sol der b al l  for 

temp erature cycl ing [SA C30 5 v / s SA C10 5]   
D ro p tes t- 

T he corner sol der b al l s of the p ack age w ere 
sub j ected to max imum stress during the drop  test for 
b oth SA C30 5 and SA C10 5 sol der b al l s as show n in 
figure 15. Different max imum stresses w ere noticed for 
the corner sol der b al l s in a p ack age at time 0 .1425E-2 
second for b oth SA C10 5 and SA C30 5 P b -free sol der. 
SA C10 5 induced 15%  l ess stress as comp ared to 
SA C30 5. T his may b e attrib uted to the stiffness of the 
j oints. M ax imum stress w as seen at the interface of the 

sol der b al l  and the p ack age as show n in figure 16. T he 
current model  rep l icates the b ehav ior of a sol der j oint 
crack  [stress riser] at the interface of the p ack age and 
the sol der interconnect. 
 

 
 

 F igure 27:  N odal  contour p l ot for corner sol der b al l  for 
drop  test [SA C30 5 v / s SA C10 5]  

 
C o n cl u si o n :  
Temperature cy cl i n g - 
1. Ex p erimental l y it w as seen that SA C30 5 has 20 %  
b etter p erformance than SA C10 5 for temp erature 
cycl ing test [mean time to fail ure]. 
2. Cu6Sn5 intermetal l ic and b ul k  sol der interface 
[b oard-side] seems to b e suscep tib l e to crack  initiation. 
Interface of Cu6Sn5, and b ul k  sol der [b oard-side] seem 
to hav e w eak er interface than N i3Sn4 and (Cu,N i) 6Sn5 
intermetal l ic l ayer interface [comp onent-side]. 
3. F rom the simul ation it w as seen that higher 
accumul ation of p l astic w ork  density/ young’ s modul us 
p er cycl e for SA C10 5 might b e the reason it to fail  
earl ier as comp ared to SA C30 5. 
4. SA C30 5 has b etter p erformance than SA C10 5 for 
the temp erature cycl ing and might b e suitab l e for high 
temp erature ap p l ications. 
 
D ro p tes t- 
1. Ex p erimental l y it w as seen that SA C10 5 has 45%  
b etter p erformance than SA C10 5 for drop  test [mean 
time to fail ure].  
2. T hick er interface of N i3Sn4 and (Cu,N i) 6Sn5 
intermetal l ic l ayer is suscep tib l e to crack  initiation. 
Interface of N i3Sn4 and (Cu,N i) 6Sn5 [comp onent side] 
intermetal l ic l ayer seems to hav e a w eak er interface as 
comp ared to Cu6Sn5, Cu3Sn and b ul k  sol der interface 
[b oard-side]. 
3. F rom the simul ation it w as seen that corner sol der 
b al l s for SA C 30 5 ex p erienced 15%  more stress at the 

         S A C  3 0 5  
         S A C  1 0 5  
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interface of the p ack age and sol der interconnect as 
comp ared to SA C 10 5. 
4. SA C10 5 has b etter p erformance than SA C30 5 for 
the drop  test resul ts and might b e a suitab l e candidate 
for mob il e and hand hel d dev ices. 
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