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Comparison of Shear Strength and Shear Energy for 48Sn-52In Solder
Bumps with Variation of Reflow Conditions
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Abstract: Comparison of shear strength and shear energy of the 48Sn-52In solder bumps reflowed on
Cu UBM were made with variations of reflow temperature from 150°C to 250°C and reflow time from
1 min to 20 min to establish an evaluation method for the mechanical reliability of solder bumps.
Compared to the shear strength, the shear energy of the Sn-52In solder bumps was much more consistent
with the solder reaction behavior and the fracture mode at the Sn-52In/Cu interface, indicating that the
bump shear energy can be used as an effective tool to evaluate the mechanical integrity of solder/UBM

interface.
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Fig. 1. Schematic illustration of the ball shear force-
displacement curve.
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Fig. 2. Scanning electron micrographs of the Sn-52In/Cu
interface reflowed for (a) 1 min, (b) 5 min, (¢) 10
min, and (d) 20 min at 150°C.
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Fig. 3. Scanning electron micrographs of the Sn-52In/Cu
interface reflowed for (a) 1 min, (b) 5 min, (c) 10
min, and (d) 20 min at 200°C.

Fig. 4. Scanning electron micrographs of the Sn-52In/Cu
interface reflowed for (a) 1 min, (b) 5 min, (¢) 10
min, and (d) 20 min at 250°C.
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Fig. 5. Thickness reduction rate, dh/dt, of Cu UBM as a
function of reflow time for Sn-52In solder bump at
each reflow temperature.
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Fig. 6. Ball shear strength of the Sn-52In solder bumps on
Cu UBM as a function of reflow time at each reflow
temperature,
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Fig. 7. Ball shear energy of the Sn-52In solder bumps on
Cu UBM as a function of reflow time at each reflow
temperature.
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Fig. 8. Scanning electron micrograph of the fracture surface
after ball shear test of the Sn-52In solder bump
reflowed on Cu UBM (a) at 150°C for 5 min, (b)
at 200°C for 1 min, (c¢) at 250°C for 1 min, and (d)
at 250°C for 10 min.
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Fig. 9. Area ratio of the ductile fracture region on fracture
surface after ball shear test of the Sn-52In solder
bumps as a function of reflow time at each reflow
temperature.

2 S Yehlo] gt AZZHE o 2
2 AR & A g)

£T]/UBM A A o] A &"E‘Ol Ao &9 I
W= #go] Anste A48 503 TE
U == 5738 %Jr Ti & Aol & <] A
et HAFI G g ] wiol,'y SrjH=
o] 7VA A A8 A& £U/UBM AlHd A 2 313
L Coﬂ o &3HA drh mEb STHH Z ] HEA
3 3 AAg #FA S FEHelA] FEol
A3t g A A o] Fr1E & U /UBMS
7148 AEAo] 78 A Oﬂ%@ & 3
150°C~250°Col A 18-~20% 2] Z 293 Sn-52In
SopHze] g AFste] AA hde] |
Ao £HF WellM wgo] Hagk A uey
7} AR 3 WA O] v (A o AA /g |
T3, o5 Fig. 9o Yeb 2Tt Fig.
9o vt A wbaw = /slaE WA o) vl o)
HEE=ZHEH 95T ¢ U= Sn-52In/Cu Al 27
o) NAA AFAHes 3#HE = Yu}. gderwo
Al ol &8k Sn-52In/Cu®] 7]1A1 & Ao g EE
S 25 2 A7k w2 W8t AF -2 Fig. 79 UrE}
W ety =] o] ¥stAE 2 v 2 AR]853
U, Fig. 60l VA A7t =0 WA e /:ﬂ
3]
A

3l 714

hul

==

A

g 7

A ) 5}x] sk} ol 9} e AN RE AT
FE R ohe Aoy ) 7} £U/UBMZM9) AlE

vlo)lm 2z 2 A3 A A 128 A 4E (2005)

(1) B E2% 4ol & Sn-52In/Cu Al HNHS-
9 H5=o] HalAFH A A e HEA
Fo] Atz ro @4 & 48ty $U/UBM
Adukgol] mE 71AH AZAHE EMeted A
o7 A4 S 2% Hrpdto] E & U2
o AT

() BEES 2% % A7) uhE Sn-52In/Cu A
HEE-S-3} Sn-52In ST R Zof| i3l 274 3 A o]
U= 9] WatAFo| ul$ 2 ARG o, ATt

E9] Apelt 2 ER S 2ES} A THE AD
Wgo 2R H seld & 9l RS UEA
39t

(3) Cu UBMoI| A 2] Z2 ¢ 3t Sn-52In ST H =
o] ALY & g Oﬂ*i /g ok A A o] &)
3t HIE Fetglon, ol A RERFE o &
& Sn-52In/Cug) 7] A4 ﬂﬂ*é o2 IH &3
Sn-52In/Cu®] Stk ol A 493 A4 =3 4 /9t
O B0 WA T AT A o MEAE
- & AR Ao, A E ] HelAF 2
T A8 dAEA] gk

(4) Sn-52In £ E Cu UBM #oll A4 150°C~
250°Ce] 2LoA] 1E~208 2| Z2 A HER

G &% % AlZke] F#3}HA] Sn-52In/Cu AlH ) A
scallop F72] Cu6(Sn,In)s o] FA = AT

(5) Sn-52In £ E Cu UBMOIA 187 g &2
LA Cuy AREZ7} 150°CHl A & 23.4 nm/sec,
200°Cel A = 28.3 nm/sec, 250°Ce] A1 = 31.8 nm/
secE, 63Sn-37Pb ST Z 240°Coll A 18 &2 ¢

Al Cu8 AEEE 3.84 nm/fseco] Bl B¢ =&
2+S Yehl it} o] Sn-37Pbel PbE Cust ¥H2-
8}4] °‘°} YEZ A Cud] 2R 3L 1A
A ¢k v Sp-52Indl| A+ Sn By oluiEt In
= &t % | Zojslr] mREog ")

up

&AL 2
B AT —E %JWMA FAFHF AT
(A ¥ F: FO1-2004-000-102420)°)) 2] 3] ©] F o)



gERS 270 W& Sn-52In ST 2 g3} dkduiA] vw 357

now, old AAL=YYt},

u_)'|_|
k
Mo
e

1. K. N. Tu and K. Zeng, Mater. Sci. Eng., 34 1 (2001).

2. C. A. Harper, “Electronic Packaging and Interconnec-
tion Handbook”’, McGraw-Hill, New York p. 124 (2000).

3.D. R. Frear, S. N. Burchett, H. S. Morgan, and J. H.
Lau, “The Mechanics of Solder Alloy Interconnects”,
Van Nostrand Reinhold, New York p.74, (1994),

4. P. S. Ho, G Wang, M. Ding, J.-H. Zhao, and X. Dai,
Microelectron. Reliab. 44, 719 (2004).

5.N. Duan, J. Scheer, J. Bielen, and M. van Kleef,
Microelectron. Reliab., 43, 1317 (2003).

6. 0. Unal, D. J. Bernard and 1. E. Anderson, Scripta
Mater., 40, 271 (1999).

7. A. Soper, G. Pozza, M. Ignat and G. Parat, Microelec-
tron. Reliab., 37, 1783 (1997).

8. R. Erich, R. J. Coyle, G Wenger, A. Primavera, Proc.
IEEE/CPMT Int. Electronics Manufacturing Technol.
Symp., (IEEE, 1999) pp.16-22.

9.Y. C. Chan, A. C. K. So, I. K. L. Lai, Mater. Sci.
Eng., B55, 5 (1998).

10. U. B. Kang and Y. H. Kim, Proc. 2001 Int. Symp.
Electronic Materials & Packaging, 129-134 (2001).

11.J. H. Choi, K. Y. Lee, S. W. Jun, Y. H. Kim and T.
S. Oh, Mater. Trans., 46, 1042 (2005).

12. T. H. Chuang, C. L. Yu, S. Y. Chang and S. S. Wang,
J. Elec. Mater., 31, 640 (2002).

13.]. W. Jang, P. G. Kim, K. M. Ty, D. R. Frear, and P.
Thompson, J. Appl. Phys., 85, 8456 (1999).

14. H. K. Kim and K. N. Tu, Phys. Rev., 53 (1996).

15.1. W. Choi, K. W. Kee, H. S. Cha, and T. S. Oh,
Korean J. Mater. Res., 10, 790 (2000).

16. 1. S. Hwang, “Solder Paste in Electronics Packaging”,
VNR, New York p. 90 (1992).

Microelectronics & Packaging Society Vol. 12, No. 4 (2005)



