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Fig. 1. Microscopy of Cu pillar: (a) Surface topogra-

(a) ™ R T B ST,

phy; (b) cross section morphology.
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Fig. 2. Schematic diagram of on-line monitoring system.
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Fig. 3. Distribution of infrared thermography temperature
(70 °C, 1.5 x 10* A/cm?): (a) Cross section temperature
of 2 Cu pillars series; (b) surface temperature of 224 Cu

pillars series.
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Fig. 4. Failure modes of Cu pillars interconnection under different current density(100 °C): (a) 3 x 10* A/cm?; (b) 2.5 x

104 A/em?; (c) 2 x 10* A/em?.
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Fig. 5. Schematic diagram of thermal migration and elec-

tromigration of atoms under thermoelectricity stress.
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Fig. 6. Microstructure of Nickel layer after thermoelectricity stress: (a) Ni plating at cathode interface;

(b) Ni plating at anode interface.
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Fig. 7. IMC layer contrast chart of Cu pillar under high temperature and thermoelectricity stress: (a) 125 °C,

1700 h; (b) 125 °C, 2.5 x 10 A/cm?2, 1700 h.

B 8 it 7 9 A LB 7 T A 1T o 5 4 9
J ) S Y 2 R T 0, DA v T U 5 ) 3 A S AR
TR, 73 932 K5 RE A HR B3 23 IR . Cu/CusSn Ft i )
Kirkendall 2%l LA S 8 #2711 10 2 AR SR G s
2K, LR P LK R, HE
FRATLEE O AR R ] 26 B 2 A2 i IMC 3 A ™ 2 0
AW, e T ] - ] e 5 B AR AR AL 4 o i o e
o SR, 38 R B T RTE. 2 CueSns

H1 CugSn 43 B H (1) A1 (2) 20AE BRI, 2 A ELE R
AR AL R HA 590 —0.017 Al —0.092 21 LAEI 8 (a)
B, CuzSn JEFE RN 13.3 pm, HEIS R SF 10 R %L
FH 3R S5 45 B0 RH IR B 9 1.22 pm, 52 CusSn
£ 4 U SRS T = B 119 pm, 53R
TH AR R A BF, 3E— P UE SR A A CusSn
A K B HLEE A& CueSns 7 Bl FE. RBUIR
Ui S AE IR FUE = A WL ), Song %5 BY [ 8F 58 K

028101-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % 3k Acta Phys. Sin.

Vol. 67, No. 2 (2018) 028101

B, R AR 4 78 AR R CufE 4% BL K CugSn A1 2
PR R 74399 8 60—120 MPa, 40—120 MPa
F10.80—1.54 GPa, M T 2 k) 2H 21 45 0 B 4k,
B 24 CusSn S JE T R L, fHE N B /145 LA
FEIN.
6Cu + 55n — CugSns, (1)
9Cu + CugSns — 5CusSn. (2)

Kl 8 v, Kirkendall 7% 32 22 HH L AE cu/CusSn
FHH, HEREAKR, BHEAZ, WHHILEEEY
Cu/CuzSn Ft1H 1 Cu, SnJ& T HY #UA LI 51 53K
(s B 2 22231 %1 B4 Cu, Sn J&iLT7E

i

CusSn

KirkendallZsili]  2ARZULL

\l\

IMC H 8 ol &, JEM 2R R R 51 9 #iod
&, JOhem g SRy BoEE, JToR A
HOEE. d3& 1 arR, RN AT, Cu 71
CusSn 1Y R EEL Sn J5 7K 3 M E 21, 1 #4
LR )56 AT LR IR B oK 2 N BRI,
Wt N AT I T (R 98 0, 37 0 S SR 5 AN A2 A AR
Cu 79 #Ua B TR AL, AITLE Cu A5 4 57 1 ]
A R K Kirkendall 257, 244582 5L K
JEAR AR I IZHT Y & 5 48 Cu/CusSn 45 & F 1 I,
HIEL R R AT e > A5 EE LB BT, B
WA AN, AR R AR, B SR TT

K8 AN T R A T S T R S

Fig. 8. Voids morphologies of Cu pillar soldering interface under thermoelectricity stress.
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Fig. 9. Interconnection resistance of Cu pillar versus

time curve under different stresses.
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Fig. 10.
Cu pillar soldering interface under thermoelectricity
stresses: (a) Initial state; (b) 150 °C, 2.5 x 10* A /cm?2,
2 h; (c) 125 °C, 2.5 x 10* A/em?, 1700 h.
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Fig. 11. Weibull Life distribution curve of Cu pillaer

interconnection under thermoelectricity stresses.
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Abstract

Micro-interconnection copper pillar bumps are being widely used in the packaging areas of memory chip and high
performance computer due to their high density, good conductivity and low noise. Studying the interfacial behavior of
copper pillar bump is of great significance for understanding its failure mechanism and microstructure evolution in order
to improve the reliability of flip chip package. The thermoelectric stress test, in-situ monitor, infrared thermography test,
and microstructure analysis method are employed to study the interfacial reaction, life distribution, failure mechanism
and their effect factors of Cu/Ni/SnAg; s/Cu flip chip copper pillar interconnects under 9 groups of thermoelectric stresses
including 2 x 10*-3x10* A/cm? and 100-150 °C. Under thermoelectric stresses, the interfacial reaction of Cu pillar can
be divided into three stages: CugSns growth and Sn solder exhaustion; the CugSns phase transformation, exhaustion
and the CuszSn phase growth; voids formation and crack propagation. The rate of CugSns phase transforming into
CusSn phase is positively correlated with the current density. There are four kinds of failure modes including Cu pad
consumption, solder complete consumption and transformation into CuszSn, Ni plating layer erosion and strip voids. An
obvious polar effect is observed during the dissolution of Cu pads on the substrate side and the Ni layer on the Cu pillar
side. When Cu pad is located at the cathode, the direction of electron flow is the same as that of the heat flow, and it
can accelerate the consumption of Cu pad and the growth of CuzSn. When Ni layer serves as the cathode, the electron
flow can enhance the consumption of Ni layer. Under 150 °C and 2.5 x 10* A/cmr127 the local Ni barrier layer is eroded
after 2.5 h, which results in the transformation of Cu pillar on the Ni side into (Cu,, Niy)sSns and CusSn alloy. The
life of Cu pillar interconnection complies well to the 2-parameter Weibull distribution with a shape parameter of 7.78,
which is a typical characteristic of cumulative wear-out failure. The results show that the intermitallic growth behavior
and failure mechanism at Cu pillar interconnects are significantly accelerated and changed under thermoelectric stresses

compared with the scenario under the single high temperature stress.

Keywords: Cu pillar bump, interfacial reaction, failure mechanism, thermoelectric stress
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