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Aging Effects across the Metal-Insulator Transition in Two Dimensions
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Introduction

Previous studies on a 2D electron system (2DES) in Si have demonstrated [1,2] the onset of glassy behavior, which occurs as
a precursor to the metal-insulator transition (MIT), i.e. at a density n, > n. (n. — the critical density for the MIT). For
densities n; < ng, the equilibration time 1, diverges as temperature 7—0, suggesting a glass transition at 7,=0 [3]. However,
even at T that are not too low (e.g. ~1 K), 1.q exceeds the age of the Universe, making it relatively easy to study the out-of-
equilibrium dynamics of a 2DES. Here we describe the relaxations of conductivity o(f) after the temporary change of n
during the “waiting time” ¢,, such that #,<<t.,. The system exhibits aging [4], i.e. c depends on the measurement history (z,)
in addition to the time . Here we investigate the aging regime in detail as n, is varied across the MIT.

Experimental

Measurements were done on a 2DES in Si (the peak 4.2 K mobility ~0.06 m*/Vs with the applied substrate bias of =2 V)
with the sample dimensions 1x90 and 2x50 pm?® [1]; ng(10“cm'2)27.5, n(10"ecm?)=4.5. The experiment starts with the
2DES, induced by the gate voltage V;, in equilibrium at 10 K. The 2DES is then cooled to the measurement 7=1 K, and the
equilibrium c((Vp) is thus established. The gate voltage V, (density ny) is then changed rapidly (within 1 s) to a different
value V), where it is kept for a time ¢#,. Finally, it is switched back (within 1 s) to ¥V}, and the slowly evolving o(z,V)) is
measured. =0 is defined as the time when V, reattains its original value V. At the end of each measurement, the sample is
warmed up to 10 K, and the procedure is repeated for different values of #,, Vo, and V.

Results and Discussion

Figure 1 shows the experimental protocol and some typical data. The waiting time has a significant effect on o(¢). In fact, all
the o(¢,t,,) data can be collapsed onto a single curve simply by rescaling the time axis by ¢, [Fig. 1(d)], i.e. the system exhibits
full aging. A careful analysis of the data for different parameters shows [5] that full
aging is observed only in the insulator, whereas there are significant departures from
full aging on the metallic side of the MIT, before the glassy phase disappears
completely at n,. Moreover, the amplitude of the relaxations peaks just below the
MIT, and it is strongly suppressed in the insulator. Other aspects of aging, e.g. large
non-Gaussian noise and similarities to spin glasses, also have been noted.
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