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Abstract 

This paper describes the advantages of highly reliable 
Cu/low-k interconnects created by using a CuAl alloy 
seed.  Post-CMP defect analysis shows, for the first 
time, that the CuAl drastically reduces both the 
density and the size of voids, thereby suppressing open 
failure.  The reliability of SIV and EM also much 
improves, showing that the CuAl seed solves the 
trade-off between reliability and defect density 
observed in cases using a conventional pure-Cu seed 
and high-temperature post-ECP annealing.   

1. Introduction 

Stress-induced voiding (SIV) and electromigration 
(EM) failures are the most critical obstacles to 
achieving robust Cu/low-k interconnects especially 
when considering high-reliability device applications.  
When using a conventional pure-Cu seed, 
high-temperature annealing after ECP is known to be 
effective for improving the reliability.  This annealing, 
however, causes voids in Cu, resulting in significant 
defect density [1,2].   

In this paper, we present a solution to the 
trade-off: using a CuAl alloy seed.  Defect density 
reduction by using CuAl is reported for the first time.  
SIV and EM reliability improvements are confirmed 
[3,4].  Further reliability improvement achieved by 
combining the CuAl seed with a sacrificial barrier 
metal process is also described.   

2. Experimental Procedure 

Interconnect test devices with 65nm-node 
dimensions were prepared as shown in Fig. 1.  The 
defect density and the SIV and EM reliability were 
evaluated using the test devices.  Both CuAl alloy and 
conventional pure-Cu were examined as seed layers for 
comparison.  The vertical and horizontal distributions 
of Al in the CuAl alloy were analyzed by ICP optical 

emission spectroscopy (ICP-OES) and nano-SIMS, 
respectively.   

3. Results and Discussion 

Defect Density:  For pure Cu, post-ECP annealing at 
high temperature results in significant defect density 
(Fig. 2).  Most of the defects at the high temperature 
are large voids in comparison to the minimum 
interconnect width, potentially causing open failures.  
In the case with a CuAl alloy seed, in contrast, the 
defect density is less than 1/100 of that of the pure Cu.  
The void size is also reduced, showing that the density 
of fatal voids is drastically suppressed by using a CuAl 
alloy seed.   

Al Distribution in CuAl Alloy:  The vertical Al 
distributions evaluated by ICP-OES show that most of 
the Al remains near the seed even after annealing (Fig. 
3).  The horizontal Al distribution evaluated by 
nano-SIMS shows that, in ECP-Cu, the Al distributes 
only at grain boundaries (Fig. 4).  This indicates that 
the Al diffuses from the seed to the ECP-Cu along the 
grain boundaries, and that this Al prevents Cu from 
diffusing during annealing, thus preventing void 
formation.   

Reliability T st Results:  The SIV test results showed 
that over 30% of the samples failed, even in the case 
with 2µm-wide interconnects, when using a pure Cu 
seed and high temperature annealing (Fig. 5).  By 
using a CuAl alloy seed, SIV reliability improved 
greatly: 100% and 85% yields for 2µm-wide and 
5µm-wide interconnects, respectively.  The EM 
reliability was also much improved by using a CuAl 
alloy seed: over 7-times improvement in median time 
failure.  Further improvement was achieved by using 
a sacrificial barrier metal process.  The suppression of 
early mode failure results in an additional 3-times 
lifetime improvement at 0.01% cumulative failure.   
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4. Conclusion 

A Cu/low-k interconnect using a CuAl alloy seed 
was shown to be a solution to the trade-off between 
reliability and defect density observed in cases using a 
pure-Cu seed and high-temperature post-ECP 
annealing.  Post-CMP defect analysis showed that the 
CuAl alloy drastically reduces both the density and the 
size of voids, thereby suppressing open failure.  The 
reliability of SIV and EM is also much improved by 

using the CuAl alloy seed.  Further improvement in 
EM lifetime was achieved by using the sacrificial 
barrier metal process to suppress early mode failure.   
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