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Introduction: Although wide band gap devices (WBG, e.g. GaN and SiC) are eminently suitable for 

high temperatures and harsh environments [1], these properties cannot be fully taken advantage of 
without an appropriate metallization. In this context, silver is found to have many interesting 
properties, such as low resistivity, excellent high-frequency properties (terahertz) [2], a relatively high 

melting point, high electromigration resistance and a low diffusion coefficient in SiO2 [3, 4, 5]. We 
have therefore investigated the thermal stability of silver films on SiO2 with tantalum (Ta) and tantalum 
nitride (TaN) films as diffusion barriers [6]. 

 
Experimental: Unpatterned silicon wafers with 567nm of thermally grown silicon dioxide were used 
as starting material. Two different metal stacks, consisting of 100nm of Silver on 45nm of either 

tantalum or tantalum-nitride were sputter-deposited on the substrate. All layers were deposited in-situ 
without breaking vacuum in between. No external heating was applied to the substrates during 
deposition. The power supply of the Lesker sputter magnetron was operated in a pulsed DC mode at 

a constant power. All layers were deposited with an argon flow of 50 sccm and a constant pumping 
speed. A nitrogen-to-argon flow ratio of 0.28 and 0.16 were used for the reactive sputtering of the 
tantalum-nitride layers. The composition of the as-deposited and of the subsequently annealed films 

was characterized by Rutherford Backscattering Spectrometry (RBS), Elastic Recoil Detection 
Analysis (ERDA) and X-ray Photoelectron Spectroscopy (XPS). The crystal structure was analysed by 
X-Ray Diffraction (XRD) techniques. The layer thicknesses were estimated from RBS, cross -sectional 

SEM and surface profilometry data. Four-point probe measurements were used to determine the 
resistivity as a function of the annealing temperature. 
 
Results and Discussion: All samples were characterized before and after each annealing 

temperature. The measured resistivity of the films is shown in Fig. 4. The resistivity of the as-
deposited films is in the expected range considering the layer thicknesses and the small grain size as 
shown in Fig. 2a. Further annealing of the samples resulted in a slight decrease of the measured 

resistivity up to around 700°C, where the resistivity starts to increase for some of the films. The 
observed decrease in resistivity at lower temperature is probably due to the increase of the grain size 
in the Ag film. This is evident from the SEM image in Fig. 2b for films annealed at 600°C, and further 

supported by AFM measurements and XRD. ERDA shows that the TaN has stoichiometric 
composition. RBS indicates no diffusion or change in the films up to 600°C, (Fig. 6). At 700°C a slight 
change in resistivity is observed for the films deposited on TaN. RBS data shows a signal originating 

from Ta at the surface, which could be interpreted as diffusion. However, SEM reveals that 
agglomeration has started. It is therefore most likely that the Ag film is not homogenous anymore and 
TaN is revealed, (Fig. 3, 6a). At 750°C the resistivity increases dramatically and analysis shows 

severe agglomeration and a non-continuous film. In parallel RBS shows a clear surface signal of Ta. 
A slightly different behavior is observed for the Ag/Ta samples. At 700°C the resistivity is still 
unchanged and RBS indicates no change of the films. In contrast, at 750°C the resistivity increases 

and RBS shows apparent surface signal of Ta, Fig. 6a. The explanation is the same as for the 
Ag/TaN samples; agglomeration of Ag that reveals the underlying Ta. Furthermore, it is also observed 
that at 750°C some Ag has diffused into the SiO2 for the Ag/TaN samples, while no diffusion is 

observed for the Ag/Ta sample. At 800°C almost all the Ag is evaporated, Fig. 6b. 
 
Conclusion: Results indicate stable electrical properties in terms of resistivity up to at least 600°C for 

all investigated samples. At 700°C Ag on Ta seems to be slightly more stable compared to Ag on 
TaN.This observed difference may be due to the surface properties of the diffusion barrier, as also 
has been indicated for the Ag/TiN system [7]. Very recent results on capping Ag with TaN show 

improvement of thermal stability of the films. 
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Fig. 1. After annealing at 700°C and 
750°C AFM, SEM and RBS show 
agglomeration and evaporation of Ag 
for the TaN and Ta surface 
respectively 

   
Fig. 2a. SEM micrograph of Ag 
surface as deposited 
 

Fig. 2b. SEM micrograph of Ag surface 
annealed at 600 °C 

Fig. 3. SEM micrograph of Ag 
surface annealed at 750 °C 

 

 

 
 
 

        
Fig. 4. Resistivity vs. temperature Fig. 5. XRD diffractogram of Ag/Ta sample before   

and after annealing 
 

 
 

Fig. 6a. RBS spectra for Ag/Ta at RT, 600°C, 750°C Fig. 6b. RBS spectra for Ag/TaN at RT, 600°C, 800°C 
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