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Metal gates are considered a promising approach to increase transistor 

transconductance and to reduce gate resistance [1]. Tungsten gates, in particular, being a 
midgap work-function material are considered particularly useful in the case of short 
channel fully depleted SOI CMOS circuits. To introduce W as gate material, however, 
major technological challenges have to be faced and solved. Also, concerns related to the 
reliability of these new MOS stacks have to be taken into consideration. Indeed, the study 
of the reliability of metal gates with SiO2 is in itself particularly interesting from the point of 
view of the basic understanding of the dielectric breakdown (BD) phenomenon. In this 
paper we present first results on this subject.  

The samples are MOS capacitors with standard SiO2 of 2, 3 and 4 nm of thickness on 
n-Si and with gate materials of either tungsten or p+poly-Si. The latter are used as control. 
In all cases, the accelerated oxide testing consisted of constant voltage stresses in 
accumulation conditions. Stress-induced leakage current (SILC) measurements were 
performed to evaluate the status of the oxide.  As a function of the injected charge Qinj, the 
SILC level is evaluated as (J-J0)/J0 = ∆J/J0, where J and J0 are the gate current after stress 
and on the virgin sample, respectively.  

Poly-Si and W gates on 2 nm oxides show very similar degradation kinetics (Fig.1). 
This is quite surprising since one would expect that anode hole injection and/or hydrogen 
release should be different by changing the anode material, and this should be reflected in 
the wear-out kinetics [2]. We find, on the contrary, the same behaviour for W and p+ poly-
Si anodes.  Also ∆J/J0 at BD (i.e. the defect concentration at BD, NBD), reported in Fig. 2, is 
essentially the same for p+poly-Si and W gates. This confirms that also with W gates the 
measurement of SILC is a good methodology for the evaluation of the defect concentration 
in the oxide, and that BD takes place when the defect concentration (i.e., the SILC level) 
reaches a critical value. It is confirmed that this value does not depend on the anode, 
being simply related to the oxide thickness [3, 4].  

The fact that (a) NBD, as expected by the current understanding, is the same for W and 
poly-Si gates, and that (b) Pgen (i.e. d∆J/J0 / dQinj), surprisingly, is also very similar in the 
two cases (Fig. 1) should imply that the charge to BD, QBD, should be the same for the two 
gate materials too. This is because QBD = NBD / Pgen [2]. Indeed,. Fig. 3 shows similar 
result of QBD for 2 nm p+ poly-Si and W gates. 

The other investigated aspect was the BD transient. Its measurement was performed 
as described in [5]. The evolution of the BD transient is quantified by using the slope of the 
current during the BD (dIBD/dt), as reported in [6]. We find that W and poly-Si behave very 
differently (Fig. 4). W gates show a very rapid BD runaway in the whole investigated 
voltage range, while poly-Si gates show a step decrease on the BD build-up rate. Also in 
this aspect, the behaviour of the W gate appears quite peculiar.  Further work is in 
progress to try to clarify these aspects. 
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