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Relaxations of conductivity σ, in metal-oxide-semiconductor field-effect transistors (MOSFETs), after destabilization, can be very informative in understanding the 2D metal-insulator transition (MIT) and charge dynamics of the 2D electron system (2DES). In previous work, the relaxations of σ of a 2DES in thick-oxide MOSFETs (oxide thickness dox= 50 nm), provided evidence for a transition to a glassy phase as temperature T→0 for all carrier densities ns < ng (ng – glass transition density) [1]. The importance of Coulomb interactions on the behavior near the MIT can be studied by varying oxide thickness; thinner oxides allow the long-range part of the Coulomb interactions to be substantially screened by the gate. Previous studies on thin-oxide samples with dox= 7 nm have strongly suggested that the 2D MIT in Si MOSFETs with low peak mobility is disorder-dominated and thus not directly affected by the range of the Coulomb interactions [2]. However, the relationship between the range of interactions and glassy behavior near the MIT has not been studied. Therefore, we have performed studies of relaxations of σ on thin-oxide samples for 0.25 K ≤ T ≤ 1 K.
Experimental  

 The thin-oxide MOSFETs with dox= 7 nm were measured in a 3He system. Relaxations were studied by warming the sample to 25 K and setting the gate voltage Vg (or ns) to an initial value that was in the metallic regime. The sample was then allowed to cool to a final temperature in the 0.25 K ≤ T ≤ 1 K range and allowed to settle. Vg was then quickly changed to a new value Vf that was lower than Vi and σ was measured as a function of time t (Fig. 1). 

To ensure that the observed slow relaxations are due to the intrinsic glassy behavior of the 2DES and not a response to extrinsic slow degrees of freedom, a waiting-time protocol was also used. Again the sample was cooled down at a fixed Vi and allowed to settle at some T. The Vg was then reduced to a Vf just below the threshold voltage and allowed to sit for a waiting time tw thus removing all the electrons from the 2D layer. The Vg was then returned to V​i and σ(t) recorded. If the behavior is intrinsic, the behavior of the sample is not expected to depend on tw.
Results and Discussion


Slow, nonexponential relaxations, similar to those observed in thick-oxide devices, were also found in the thin-oxide samples. The dependence of the relaxations on ns is also similar to that in thick-oxide MOSFETs. What is unexpected though is that the thin-oxide samples showed no change in σ(t) above ~0.5 K (Fig. 1), in contrast to thick-oxide samples in which relaxations become faster with increasing T. The waiting-time protocol results corroborate this finding as well. In particular, the relaxations at ~0.25 K do not depend on tw, but when studied at 
1 K, there is an apparent increase of the slope of σ(t) with increasing tw.  This suggests that between 0.25 K and 1 K the behavior becomes dominated by electron responses to extrinsic slow degrees of freedom. 
Conclusions

More measurements are needed, to establish the temperature at which the extrinsic slow degrees of freedom become dominant in thin-oxide samples and to determine the effects of Coulomb interactions on glassy dynamics.
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Fig.1 Relaxations of the 2DES in a thin-oxide MOSFET at different T. G/G0 is the conductance G with respect to the equilibrium value G0, measured at each T and ns.








