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Influence of Nickel Thickness and Annealing Time on the Mechanical
Properties of Intermetallic Compounds Formed between Cu-Sn Solder and
Substrate
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Abstract: Intermetallic compounds (IMCs) developed on the interface between a solder alloy and its bonding
pads are an important factor in the failure of electronic circuits. In this study, the mechanical behaviors of
the IMCs formed in the Cu-Ni-Sn ternary alloy system are investigated. Presumably, Ni can act as a
diffusion barrier to Cu and Sn to form the IMCs. Detailed analysis of the microstructure is conducted using
an electron probe micro-analyzer (EPMA). The addition of Ni softened the IMCs, which is determined based
on the fracture toughness increasing (from 0.71 to 1.55 MPaVvm) with the Ni layer thickness. However,
above a critical amount of Ni involved in the Cu-Sn IMCs, the softening effect is diminished, and this could
result from the segregation of Ni inside the IMCs. Therefore, the optimized condition must be determined
in order to obtain a positive Ni effect on enhancing the reliability of the electronic circuits.
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Table 1. Electroplating bath constituents for the electrodeposition
of Nickel.

Chemicals/Parameters Conditions
NiSO46H,0 240 g/L (0.91 mol/L)
NiCly-6H,O 45 g/L (0.19 mol/L)

H;BO; 30 g/L (0.49 mol/L)

Temp. 333K
Current density 40~50 mA/cm’

Time 50s, 120s, 240s

Tin
Nickel

Fig. 1. Assembly of diffusion couple (a) preparation of Cu
specimen, (b) Cu-Ni-Sn assembly, (c) annealing assembly.
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Table 2. EPMA result of (Cu;«xNix)3Sn and (Cu;«Nix)sSns for 96 h
annealing (at%).

Ni Thickness Specimen Ni Cu Sn
| um (CuixNix);Sn 1.30 72.4 26.3
(Cui-Niy)eSns 0.30 53.8 46.0
2 um (Cui-Niy)3Sn 1.64 72.4 25.9
(CuiNix)eSns 2.38 51.1 46.6
4 um (Cul.xNix)3Sn 1.69 72.3 26.0 (Cug NS
(CuyNiy)eSns 3.46 50.2 46.4 l

Fig. 3. BSE images (a) 48 h, 1 pm (b) 48 h, 2 um (c) 48 h, 4 um
(d)72h, 1 pm (e) 72 h, 2 um (f) 72 h, 4 um (g) 96 h, 1 um (h) 96
h, 2 um (i) 96 h, 4 pm.
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Table 3. Length of IMCs and growth rate.

. . M
Aging Ni . ¢ growth rate
time | thickness specimen length (cm?/s) Ref.
(pm)
CusSn 39.1 | 8.8x10™"
48 h 5 [15]
CueSns 152 | 1.3x10
(Cui,Ni)sSn | 3.8 | 8.2x10™"
1 pm . RY]
(CU1.XNIX)5Sn5 14.4 1.2x10
(CurxNi)sSn | 3.4 | 6.6x10™"
48h | 2um _ -
(CU1.XNIX)5Sn5 15.8 1.4x10
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m
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1 pm : 10
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CuixNiy)sSn | 10.5 | 4.3x10™" i
72k 2 um (Cu | )3 - This
(CuixNiy)eSns | 141.2 | 7.7x10 study
(Cu,Ni)sSn | 31 | 3.7x10™"
4 um - n
(CuixNiy)eSns | 189 | 1.4x10
(Cui,Niy)sSn | 388 | 4.4x10™"
1 pm . 10
(Cui,Niy)eSns | 165.6 | 7.9x10
(CurxNi)sSn | 40.7 | 4.8x10™"
96h | 2um _ S
(Cui,Niy)eSns | 189.5 | 1.0x10
(CuixNi)sSn | 51.6 | 7.7x10™"
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(Cui,Niy)eSns | 226.5 | 1.5x10
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Table 4. Hardness and modulus of IMCs.
Aging Ni specimen Hardness | Modulus Ref
time |thickness P (GPa) (GPa) )
Cu-Ni-Sn 7.0 1115 | [12]
| um | (CursNix)Sn | 67402 [ 134.942.1
M T (CupNiyeSns | 7.0£02 | 119.940.2
(Cui.Niy)sSn | 6.6402 | 120.142.4
48h | 2 .
M 1 (CupNieSns | 6.5£0.2 | 116.5+0.7
4 | (CunsNig:Sn [ 4.47+0.2 [ 96.1+1.5
M T (CupNiy)eSns | 4.6+0.2 | 89.7+2.0
Lum | (CunaNisSn | 60402 [133.2+0.9
M T (CuiaNieSns | 6.6£0.3 | 119.7+1.1
(Cu,Niy)sSn | 5.5403 | 123.240.6| This
TZhOLZum e NieSns | 6.5£02 | 114953.0] study
4o | (CusNigiSn | 3.9£02 [ 88.0+1.2
M T (CupaNiyeSns | 3.940.1 | 76.9+1.0
Lum | (CursNi)Sn [ 6.4+0.6 [1333222
K T (CureNieSns | 6.940.2 | 119.8%1.5
(Cui,NiysSn | 6.040.3 | 126.6+1.5
h| 2
%6 K (CuaNi)sSns | 6.5:0.4 | 108.8+4.3
4 | (CusNisSn | 5.4£0.1 [ 95.4+0.2
M ™ (CurNigsSns | 5.6£0.2 | 90.040.3
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Fig. 4. Load-Displacement curves of Ni 4 mm sample annealed at
325 C for 96 h: (a) (CuixNix)3Sn; and (b) (Cu;«Nix)eSns. (Note:
numbers in graphs are strain rate 1/s).
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Fig. 5. SEM image of indents on (a) (CuixNix)3;Sn Ni 2 pm;
indents on (Cu;Niy)eSns (b) Ni 1 pm, (c) Ni 2 pm, (d) Ni 4 pm.
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Table S. Length of propagation length and Fracture toughness
with 1500nm indentation depth.
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