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Effect of Cu content on IMC between Sir Cu solder and
Cu and Ni substrates

HE Dapeng', YU Daquan"?, WANG Lai', CM L Wu’
(1. School of Materials Science and Engineering,
Dalian University of Technology, Dalian 116023, China;
2. Department of Physics and M aterials Science,

City University of Hong Kong, Hong Kong, China;)

Abstract: The reactions between SorxCu(x= 0, 0.1%, 0.3%, 0.7%, 0.9%, 1.5%) and Cu or Ni at 260, 280
and 290 T were studied to reveal the effect of varying Cu content on the composition and morphologies of interme-
tallic compounds (IM C) formed at the interface between solders and the substrate. The IMCs formed at the interface
of SorCu/ Cu are CusSns. The higher the temperature is, the thicker the IMC layer forms. While soldering at the
same temperature, with the increase of Cu content the thickness of IMC reduces first then increases. The thickness
of IMC increases with the increase of Cu content when soldered with Ni at 260 C. And at the same time, the com-
position and morphologies of the IMC have notable changes. When the Cu content is below 0. 3% ( mass fraction), a
continuous (CuyNii-.)3Sns IMC layer formed at the interface. When the Cu content is 0. 7%, bigger facet
(Cu:zNii-+)6Sns IMCs are found on the ( Cux Nii- ) 3Sns IMC layer. At higher Cu content (0.9% ~ 1.5%), stick
shaped (CuxNii-+)sSns IMCs are detected and ( CuxNii-.)3Sns IMCs disappear. The effect of Cu content on the

growth of IMC laver is analvzed and the formation and erowth mechanisms of ( Cu. Nii- ) 6Sns IM C are discussed further.
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Fig.2 Interface for reaction of Smrx Cu/ Cu joint at 260 C for 60 s
(a) —Sn/Cu; (b) —Smr0.1Cu/ Cu; (¢) —Smr0.3Cu/ Cu;
(d) —Swr0.7Cu/ Cu; (e) —Sn~0.9Cu/ Cu; (f) —Sn-1.5Cu/Cu
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Fig. 3 Variational curves of IMC thickness of 4260 C £TH 60 s [ PL Wi X S LTI
Fig. 4 XRD patterns for reaction products

at 260 C for 60 s

Sn-x Cu/ Cu joints vs content of copper

at different temperatures
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Fig.5 Surface morphologies of
IMC at 290 C for 60 s
(a)—Sn-0. 1Cu/Ni; (b)—Sn-0. 3Cu/Ni;
(¢)—Sn-0. 7Cu/Ni; (d)—Sn-0. 9Cu/Ni;

(e)—Sn-1. 5Cu/Ni(The solder had

been etched away with acids)
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Fig. 6 Interface for reaction between
solders and Ni solder
at 260 °C for 60 s

(a)—S8n-0. 1Cu; (b)—Sn-0. 3Cu;

(c)—Sn-0. 7Cu; (d)—Sn-0. 9Cu;
(e)—Sn-1. 5Cu

R EFIE 60 s 5 PR AR N 1)
Table 1 Compositions of solders and reaction

products soldered for 60 s( mass fraction, %)

Reaction Reaction Reaction

Bolder at 260 C at 280 C at 290 C

Smr0.1Cu (CuioNig)3Snsa  (CueNisa)3Sna  (CuioNiso)3Sna
Sir0.3Cu  (Cu20Niso)3Sn4  (Cu20Niso)3Sna  (Cuz0Niso) 3Sn4

(CuxNiso) 3Sna/  (Cu20Niso)3Sna/ (Cu20Nigo) 3Sn4/

.7
Sl Ty (CusoNis0) 6Sns  (CusoNis0)6Sns  (CueoNido) 6Sns

Sir0.9Cu (CueoNiso) 6Sns  (CueoNiso)6Sns  ( CusoNido) 6Sns
Sr1.5Cu (CursNizs) 6Sns  (Cus2Niis) 6Sns  (CusoNizo) 6Sns

HF WS B RE AN 1. 1% P, 4 S
CufTHRI R4 & B8 T 1. 1% I, 4R CusSns IM C
WA — 0 g 2VEFR R, T B0M C 382
F—J7 M, 4 SoCu PR & &S T 1. 1% i,
PRI CueSns TR T oK, 118 IMC EXR)E
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#&(Ni- . Cuy ) 3Sns F(Nip- . Cu.)6Sns FIIERAW) . X
FASHEF BB RN =) P 225, vl ReJE i sk
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Fig.8 Schematic diagram of

& Cu

N1 substrate

three soldering methods
(a) —Dipping; (b) —Reflow of solder sheet;
(¢) —Reflow of BGA ball

AT 8 T W& S & F CusSns 1 PLIE 2
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S i T TR R AR . Yoon 25 fE 4TI I
30 min F7E Sur0. 7Cu/ NP BGA %3k Jt 1 Ak % 3
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rarFedt, ANFEZA T ARE S RSB EY)
HIFEAE

4 it

1) SrxCu HHIEFRER, IMC 15 BEAE 8 &
TGN SE VD JE B N, TR S, IMC R,
i T IM C S E [R5 M /s
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R T 0 TR BN, BT AR R, HIMC 2
&, RN IMC s FIESS Rk AE T B2 . 4
il &N T 0. 3% I AE I Ab B T OIE 82 1
(CurNir-2)3Sns IMC . 4] % &8 0. 7% I, {E
(CuxNii-)3Sns IMC _ERIL T ARFR AN K 2 1fi
R(CurNii- ) 6Sns IMC . 1M £F = 81 & 5 (0. 9% ~
1.5%) I, REILF KR CucNii- ) 6Sns &
.

3) (Nii-+Cu.)6Sns IMC FIZEKTH K H CusSns
MR B RN B 8 o AEAS R BT AR 4 14 R0
% F, SmrxCu £F K 5 8 3 B £ 8 W
(CuxNii-)3Sns F A K ( CueNii- ) 6Sns B8] 5 12
[T IR AE 2 AN R 1Y
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