
Bistability and hysterisis in self-organized quantum dot struturesA. Rak, R. Wetzler, A. Waker, and E. Sh�ollTehnishe Universit�at Berlin,Institut f�ur Theoretishe Physik, Hardenbergstr. 36, 10623 Berlin, GermanyField e�et transistors with embedded InAs quantum dots (QD) near a two dimensionaleletron hannel are showing a distint hysterisis (gibt es das Wort?) in their eletrononentration versus gate voltage harateristi [1℄ whih makes them potentially appli-able for new memory devies. The measurable shift in those harateristis remainsfor several seonds [1℄. We investigate this bistable behaviour with a numerial approahand therefore an disuss di�erent explanations for apture and esape mehanisms whihhave to lead to a lifetime omparable with the experimental values [1℄.Applying a voltage to a devie as shown in the inset of �gure 2 �lls the QDs witheletrons. The harge aptured within the QDs is deteted by a hange of the eletrononentration within a two dimensional eletron gas. For fast swithing the eletrons maybe erased by light illumination [1℄. In this work we investigate the dark harging anddisharging proess.Our model takes into aount the highly non-homogeneous eletron harge distri-bution of this hetero-struture, i.e. bulk eletrons, two dimensional eletron gas, eletronsloalized in the QDs [2℄.The simulation solves self-onsistently the Poisson equation, thedrift-di�usion equation, and the rate equation whih desribes the dynamis of the QDeletron apture and esape mehanism. For the Auger e�et as well as for phonon-assisted apture and esape one �nds�tnQD = TAugern(npQD � nn1) (1)�tnQD = Ttherm(npQD � nn1) (2)While the number of eletrons in the QDs inreases or dereases linear with the freeeletron density n around the QDs for the phonon-assisted mehanism a square depen-dene is found for the Auger e�et. The alulation shows that the lifetime determined bythe Auger e�et is signi�ant longer than for the phonon-assisted mehanism. A ompar-ison with experimental values for the lifetime [1℄ allows a disussion about whih aptureand esape proess dominates.[1℄ G. Yusa and H. Sakaki, Appl. Phys. Lett. 70, 345 (1997)[2℄ R. Wetzler, A. Waker, E. Sh�oll, C.M.A. Kapteyn, R. Heitz and D. Bimberg, Appl.Phys. Lett. 77, 1671 (2000)
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Figure 1: Hysterisis in the eletron onentration vs. gate voltage harateristi, alu-lated for 77 K in the dark
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Figure 2: Deay of the number of eletrons aptured within dots vs. time, modeled withthe Auger proess at 300 K, inset shows the investigated devie [1℄


