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1. Introduction  

Copper interconnects are replacing aluminum-based 
wiring in the fabrication of deep sub-micron integrated 
circuits because of copper’s low resistivity and better 
electromigration properties [1]. The microstructure and 
texture evolution of electroplated Cu have been extensively 
studied, because they are critical factors affecting the 
ability to fill damascene architectures without voids and 
obtain good electrical characteristics and high reliability. 
The interaction between impurities or their by-products, 
however, is expected to lead to microstrains or dislocations 
in the films, which may drive or retard the recrystallization 
process. Point defects, such as monovacancies or small 
vacancy clusters, are also expected to play an important 
role, but their behavior is not fully understood. Positron 
annihilation is one established technique for investigating 
defects in metals [2]. Point defects in electroplated Cu have 
been investigated using this method [3,4], and the results 
show that positrons are a useful probe for studying 
vacancy-type defects in Cu films. In the present study, we 
used a monoenergetic positron beam to probe vacancy-type 
defects in electroplated Cu films.  

When a positron is implanted into condensed matter, it 
annihilates with an electron and emits two 511-keV γ rays 
[2]. Those annihilation γ rays are broadened because of the 
momentum component of the annihilating electron-positron 
pair. A freely diffusing positron may be localized in a 
vacancy-type defect because of the Coulomb repulsion 
from ion cores. Because the momentum distribution of 
electrons in such defects differs from that in bulk materials, 
one can detect these defects by measuring the Doppler 
broadening spectra of annihilation radiation. The resultant 
change in the Doppler broadening spectra is characterized 
by the S parameter, which mainly reflects the change due to 
the annihilation of positron-electron pairs with a 
low-momentum distribution [2].  

 
2. Experiment 

The sample structure used in the present experiments was 
Cu/Ta(20nm)/SiO2(100nm)/Si. Cu films were electroplated 
at room temperature with three different types of 
electrolytes [5]. In this article; the electrolytes were referred 
as “chemistry1”, “chemistry2”, and “chemistry3”, 
respectively. The impurities in the Cu films were measured 

by SIMS (Fig. 1). For SIV tests, a two-level via chain 
structure was fabricated. A dual damascene process was 
used to fabricate lines and vias; where the width of M1 and 
M2 lines were 10 μm and 0.8 μm, respectively. The 
samples were kept in the furnace at 150oC and 200oC. The 
failure criterion was set to 10% relative resistance increase 
from the initial value. The results are also shown in Fig. 1.  

We used a monoenergetic positron beam to measure the 
Doppler broadening spectra of the annihilation radiation as 
a function of the incident positron energy E [2,3]. The 
measured spectra were characterized by the S parameter.  
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Fig. 1 Impurity concentrations of electroplated Cu films deposited 

by different chemicals (E1, E2, and E3) and their failure rates of 
SIV tests. 

 
3. Results and Discussion 

Figure 2 shows the time dependence of both S and 
conductivity for the 1- and 2-μm Cu films deposited using 
E1 (time zero corresponds to the deposition time). The 
behavior of S was similar to that of the conductivity. The S 
values of the two samples were almost identical just after 
the deposition, suggesting that the annihilation 
characteristics of positrons in the two Cu films were the 
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same before grain growth. The increase in the S value can 
be attributed to the increase in the fraction of positrons 
annihilating in vacancy clusters in grains [3,4]. The 
saturated S value for the 1-μm Cu film was larger than that 
for 2-μm Cu film, suggesting the increase in the size of the 
vacancy clusters. Figure 2 summarizes the relationship 
between the S value and the thickness of Cu films. Since 
the 0.5-μm Cu films were not fully crystallized after 
self-annealing, positron annihilation in the non-crystalline 
region affected the S values. For thicker samples, the S 
value and the conductivity decreases with increasing the 
film thickness. An impact of grain boundaries on the 
electrical properties is expected to be larger than that of 
defects in the grains. Thus, the increase in the size of 
vacancy cluster is considered to decrease the scattering 
probability of electrons at the grain boundaries.  

In order to know the interaction between vacancy clusters 
and impurities, the annealing experiments of the Cu films 
deposited using different chemicals were performed (Fig. 
4). The results for the annealed and deformed pure Cu 
samples are also shown. For the sample deposited using E1, 
the largest S value was obtained after annealing at 200°C. 
The S value started to decrease with annealing above 300°C, 
and it appears to saturate at 600-700°C. It is known that the 
annealing behavior of defects in Cu irradiated with light 
particles (electrons, neutrons, and protons) can be divided 
into five stages [6]. Stage V (~300°C) is the final annealing 
stage of defects introduced by the irradiation. Thus, the 
decrease in S was observed at stage V, which can be 
attributed to the dissociation of vacancy clusters. For the 
Cu films deposited using E2 and E3, however, the S value 
was smaller than that for the sample deposited using E1, 
and no clear decrease in the S value at stage V was 
observed. Thus, it can be concluded that the increase in the 
impurity concentration causes the increase in the mean size 
of vacancy clusters. This can be attributed to the pining of 
vacancies in the grains, and a resultant agglomeration of 
such defects. As shown in Fig. 1, the failure rate was small 
for the sample fabricated using E1. Thus, the suppression of 
the diffusion of vacancies towards the grain boundaries by 
impurities is considered to be a key parameter to decrease 
the resistivity and reliability of interconnects. In Fig. 3, the 
resistivity also decreases with increasing the size of defects. 
The slow grain growth could increase the interaction 
probability between vacancies and impurities. As a result, 
the impurity concentration at the grain boundaries could 
decrease, and could be an origin of the obtained low 
resistivity. The information about the defects in grains 
obtained here will be useful in developing device processes 
for the fabrication of Cu interconnections. 
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Fig. 2 Time dependence of S and the conductivity for 1- and 2-μm 
Cu films (deposited using E1) measured during self annealing. 
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Fig. 3 S and the conductivity for Cu films deposited using E1.  
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Fig. 4 Annealing behavior of the S value for 2-μm Cu films. The 
temperature range corresponding to the recovery stage V for pure 
Cu is indicated in the figure.  
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