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Introduction: High-temperature electrical and morphological-stability of interconnect is critical for 
electronic systems based on wide band-gap semiconductors. Our previous investigation of Ag films 
with either Ta or TaN diffusion barrier layers shows negligible changes in sheet resistance upon 
annealing up to 600 °C. However, degradation of the Ag/Ta and Ag/TaN films occurs at 700 and 750 
°C, respectively, mainly as a result of void formation and Ag agglomeration. This finding calls for a 
follow-up study of the effect of a surface-capping layer, which is presented in the current work. 

Experimental: Blanket Si wafers covered with a 550 nm thick thermally grown SiO2 film were used as 
the starting material. Six different metal stacks, consisting of combinations of a 100 or 300 nm thick 
Ag film encapsulated between Ta and/or TaN layers were investigated. The Ta and TaN cap and 
barrier layers were always 50 nm in thickness. The metal stacks were consecutively sputter-deposited 
in a Von Ardenne sputter system without breaking the vacuum, in the pulsed DC mode. The 
composition of the as-deposited and subsequently annealed films was characterised by RBS. The 
layer thicknesses were estimated from RBS in combination with cross-sectional SEM and surface 
profilometry. These analysis techniques were also used for studying film morphology. Sheet 
resistance was obtained using four-point probe measurement.  

Results and Discussion: All samples were characterised before and after the annealing. The 
variations in measured sheet resistance with annealing temperature are shown in Fig. 1. A slight 
decrease in sheet resistance with increasing temperature up to 600 °C is evident for all samples and 
can be attributed to grain growth as found in our previous work. Further annealing up to 800 °C sees 
a much reduced effect on the sheet resistance evolution in comparison with our previous work without 
any cap. Although the sheet resistance starts to increase slightly above 700 °C for the samples with 
100 nm thick Ag and with the TaN cap, it still stays in the acceptable range for all samples annealed 
at 800 °C irrespective of the barrier and cap layers used, i.e. Ta vs. TaN. 

Surface inspection by SEM showed a crimped surface with a high density of ridges for all samples 
with Ta as the barrier layer annealed at 800°C, regardless of the cap layer and the Ag thickness. A 
typical example is shown in Fig. 2 for 100 nm Ag with TaN cap). The cross section for the same 
samples (Fig. 3) revealed a wavy shape as well as cracks in the cap layer, while the barrier layer 
remained largely intact. In contrast, all samples with the TaN as the barrier layer only displayed small 
bulges on the surface with much more homogeneous features in the cross sections after annealing at 
800 °C regardless of the cap layer used. As an example, the top-view (Fig. 4) and cross-section (Fig. 
5) micrographs are shown for the sample with 100 nm Ag with the TaN cap. The appearance of the 
bulges may indicate the onset of crimp formation. These findings by SEM were consistent with RBS 
analysis. 

Capping has efficiently restricted mass transport of Ag along the surface and has also effectively 
prevented Ag evaporation at such high temperatures. However, it remains to be confirmed whether 
interaction between the Ta barrier layer and underlying SiO2, resulting in Ta-silicide formation, 
contributes to the distinct behaviours in film morphology of the different barrier layers. Although no 
reaction between TaN and SiO2 is expected, further work on this aspect is underway to exclude this 
possibility.  

As a comparison, a similar set of samples have been prepared and analysed with Cu replacing Ag in 
the metal stacks. Electromigration studies at elevated temperatures will be carried out to evaluate 
both metallisation systems with Ag and Cu. 

Conclusion: Surface capping has been shown to be crucial in stabilising sputter-deposited Ag films 
electrically and morphologically. The difference between the Ta and TaN cap is negligible. However, 
the diffusion barrier layer plays a significant role and TaN is found to be superior to Ta. Comparison 
between Ag and Cu film has also been made. 
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Fig. 1. Sheet resistance vs. annealing temperature. 

 
 

 

 

Fig. 2. Surface SEM micrograph of the 
TaN/Ag/Ta/Sub structure annealed at 800 °C. 

Fig. 3. Cross-setional SEM micrographs of the 
TaN/Ag/Ta/Sub structure annealed at 800 °C. 

 
 
 

  

Fig. 4. Surface SEM micrograph of the 
TaN/Ag/TaN/Sub structure annealed at 800 °C. 

Fig. 5. Cross-section SEM micrograph of the 
TaN/Ag/TaN/Sub structure annealed at 800 °C. 

 
 


