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Fig.1 Schematic of the line-type Cu/Sn-9Zn/Ni solder interconnect (a),

and schematic diagram of the experimental configuration (b)
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Fig.2 SEM images of an as-soldered Cu/Sn-9Zn/Ni interconnect:
(a) macrograph, (b) Sn-9Zn/Ni interface, and (c) Sn-9Zn/

Cu interface
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Fig.3  Synchrotron radiation images of the Cu/Sn-9Zn/Ni

(S}

interconnect during L-S EM under 5.0x10° A/ecm?® at
230 °C: (a) electrons flowed from the Ni to the Cu and

(b) electrons flowed from the Cu to the Ni
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Fig.4 SEM images of the Cu/Sn-9Zn/Ni interconnects after L-S
EM under 5.0x10° A/em® at 230 C for 1 h: (a~c) electrons
flowed from the Ni to the Cu and (d~f) electrons flowed

from the Cu to the Ni
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Fig.5 Synchrotron radiation images of the Cu/Sn-9Zn/Ni

interconnect during L-S EM under 1.0x10* A/em” at 230 C:

(a) electrons flowed from the Ni to the Cu and

(b) electrons flowed from the Cu to the Ni
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Fig.6 SEM images of the Cu/Sn-9Zn/Ni interconnects after L-S
EM under 1.0x10* A/ecm? at 230 °C for 1 h: (a~c) electrons
flowed from the Ni to the Cu and (d~f) electrons flowed
from the Cu to the Ni
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Fig.8 SEM images of the Cu/Sn-9Zn/Ni interconnects after L-S
EM under 2.0x10° A/em® at 230 ‘C: (a~c) electrons

flowed from the Ni to the Cu and (d~f) electrons flowed
from the Cu to the Ni
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Fig.9 Consumptions kinetics of Cu in Cu/Sn-9Zn/Ni

interconnects as a function of EM time at 230 C:

(a) anode Cu and (b) cathode Cu
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Effects of Current Density on Liquid-Solid Electromigration Behavior
of Cu/Sn-9Zn/Ni Solder Joint

Chen Leida', Zhang Zhijie’, Huang Mingliang®, Li Baoxia'
(1. Xi’an Microelectronics Technology Institute, Xi’an 710065, China)
(2. Jiangsu University of Science and Technology, Zhenjiang 212003, China)
(3. Dalian University of Technology, Dalian 116024, China)

Abstract: The interfacial reactions and diffusion behaviors of Zn atoms in Cu/Sn-9Zn/Ni interconnects during liquid-solid
electromigration (L-S EM) under a current density of 5.0x10°, 1.0 x 10* and 2.0x10* A/ecm?® at 230 °C have been in situ studied using
synchrotron radiation real-time imaging technology. Zn atoms would directionally diffuse towards the Cu interface under both flowing
directions of electrons with the current density of 5.0x10° A/cm?, and then take part in the interfacial reaction, resulting in the thickness of
intermetallic compounds (IMC) at Cu interface thicker than that at Ni interface. While when the current density rose to 1.0x10* and
2.0x10* A/em?, the reverse polarity effect, evidenced by the continuous growth of intermetallic compound (IMC) layer at the cathode and
the thinning of the IMC layer at the anode, was resulted from the abnormal directional migration of Zn atoms toward the cathode in
electric field, which was more significant at high current density. Irrespective of the flowing direction of electrons, the consumption of Cu
film was obvious while that of Ni film was limited. The dissolution of anode Cu followed a linear relationship with time with current
density of 1.0x10* and 2.0x10* A/cm® and electrons flowed from the Ni to the Cu, and the consumption rate was magnitude higher at high
current density. It is more damaging with electrons flowing from the Ni to the Cu than that from the Cu to the Ni. In addition, based on the
electromigration flux J,, and chemical potential gradient flux Jepem the diffusion behavior of Zn and Cu atoms were analyzed.

Key words: Sn-9Zn solder joint; electromigration; interfacial reaction; intermetallic compound; the reverse polarity effect
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