
UNCLASSIFIED

Defense Technical Information Center
Compilation Part Notice

ADP013307
TITLE: The Role of doped Layers in Dephasing of 2D Electrons in
Quantum Well Structures

DISTRIBUTION: Approved for public release, distribution unlimited
Availability: Hard copy only.

This paper is part of the following report:

TITLE: Nanostructures: Physics and Technology International Symposium
[9th], St. Petersburg, Russia, June 18-22, 2001 Proceedings

To order the complete compilation report, use: ADA408025

The component part is provided here to allow users access to individually authored sections
f proceedings, annals, symposia, etc. However, the component should be considered within

-he context of the overall compilation report and not as a stand-alone technical report.

The following component part numbers comprise the compilation report:
ADP013147 thru ADP013308

UNCLASSIFIED



9th Int. Symp. "Nanostructures: Physics and Technology" 2DEG.06p
St Petersburg, Russia, June 18-22, 2001
©D 2001 loffe Institute

The role of doped layers in dephasing of 2D electrons in quantum well
structures

G. M. Minkovt, A. V. Germanenkot, 0. E. RutT, B. N. Zvonkovj, E. A. Uskoval
and A. A. Birukovj

t Institute of Physics and Applied Mathematics, Ural State University,
620083 Ekaterinburg, Russia
I Physical-Technical Research Institute, University of Nizhni Novgorod,
603600 Nizhni Novgorod, Russia

Abstract. The temperature and gate voltage dependencies of the phase breaking time is studied
experimentally in the structures with quantum well based on GaAs/InGaAs. There is shown that
arising of the states at the Fermi energy in the doped layers (Sn 5 layer in our case) leads to
significant decreasing of the phase breaking time and to weakness its temperature dependence.

The inelastic of the electron-electron interaction is the main phase breaking mechanism
in low dimensional structures at low temperature. This mechanism predicts divergence of
phase breaking time (r¢) with decreasing temperature. But unexpected saturation of r, at
low temperatures was revealed in recent years in one and two dimensional structures [ , ].
It is one of reason of the particular interest to the possible additional dephasing mechanisms
in such structures.

The analysis of the low field negative magnetoresistance, resulting from destruction of
the interference correction to the conductivity, is the main method of determination of the
phase breaking time. We report the results of detailed studying of the negative magne-
toresistance in gated structures based on GaAs/InGaAs. The heterostructures investigated
consist of 0.5 Ltm-thik undoped GaAs epilayer, a Sn 6-layer, a 60 A spacer of undoped
GaAs, a 80 A In 0 2Ga0 .8As well, a 60 A spacer of undoped GaAs, a Sn 6-layer, and a
3000 A cap layer of undoped GaAs. The samples were mesa etched into standard Hall
bridges and Al gate was thermally evaporated over the cap layer. The gate voltage depen-
dencies of the electron density, conductivity and Hall mobility are presented in Fig. 1 for
one of the structures. The low field magnetoresistance for some voltage are shown in Fig. 2.
The magnetic field dependencies of Acx(B) at B < 1 - 0.5BB1 , where Btr = hc/2e12 , I is
mean free path, are well described by the standard Hikami expression [:

Acr(b)= aGO [V ( + b-V(I + I In ]' (1)

where Go = e 2/(27r 2 h), b is magnetic field measured in units of B1z, Tp is momentum
relaxation time, and a = 1 in the diffusion approximation. In [ ] we showed that (1)
well describes Ac (B) beyond the diffusion approximation also, but with a < 1. Thus,
one can determine u and r, as fitting parameters, comparing the experimental Acu (B)
dependence with (1). Note that values of a and r, determined by this way depend on
fitting magnetic field range and in Fig. 3 the conductivity dependencies of r, as determined
from the different fitting range are presented.
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Fig. 1. The gate voltage dependencies of the conductivity (a), electron density (b), and Hall
mobility (c) at T = 4.2 K. The straight line in (b) is the theoretical total density of the electrons.
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Fig. 2. Negative magnitoresistance at T = Fig. 3. Conductivity dependencies of T" ob-
4.2 K for two gate voltages. Curves are the tained by the fitting in magnetic field range
theoretical dependencies according to (1) with 0- 0.25Btr (open symbols) and 0- 0.5 Bt, (solid
parameters obtained by the fitting in magnetic symbols) for T = 4.2 K (circles) and T = 1.5 K
field range 0 - 0. 25Btr (solid curves) and (squares). Curves are the theoretical dependen-
0 - 0.5 Bt, (dotted curves). cies given by (2).

When inelasticity of electron-electron interaction is main phase breaking mechanism,
r, depends on conductivity and temperature only and for 2D case

h, Cr I
e kT 2JrG0 In~ ) (2)

As is seen from Fig. 3 the conductivity dependence of r( is close to the theoretical one
when cr varies in the range (0.2-1.2) x 10-3 Q-1, but significant deviation is evident for
larger cr. The temperature dependencies of re, are presented in Fig. 4 for some gate voltage
and one can see that r, deviates from 1/T dependence just for Cr > 1 x 10-3 Q-1.

To interpret these temperature and conductivity dependencies of re, let us analyze the
variation of density of electron in quantum well n (exactly this value is determined from
the Hall effect and Shubnikov-de Haas oscillation) with gate voltage (see Fig. 1). The



600 2D Electron Gas

-34 0 01

29-

0 '

-3 -2 -1 0 1 0. 10
Vg (V) T (K) 0

Fig. 4. Gate voltage dependencies of the ratio rtheor/T¢p Fig. 5. Temperature dependencies
(a) for T = 4.2 K (circles) and T = 1. 5 K (squares). The of r, at Vg = -1.8 V (squares) and
difference between the total electron density and density Vg = +0.5 V (circles). The line is
of 2D electron in the quantum well as function of Vg (b). the 1 / T dependence.

variation of the total electron density n, with Vg has to be described by the simple expression
n, (Vg) = n (0) + Vg C/e, where C is the gate-2D channel capacity per centimeter squared
(straight line in Fig. l(a)). One can see that in the range of Vg from -1 to -3 V the
experimental data are close to this dependence, but at V, > -1 V the electron density
in the quantum well is less, than the total density of the electrons n1 . It means that at
Vg > -1 V the fraction of the electrons (tlt - n) occupies the states in 6-layers. From
Fig. 4, where the gate voltage dependence of (nt - n) and ratio Tp/Tlheor are presented,
one can see that Trp/Ttheor deviates from unity when the electrons arise in 6-layers. Thus,
appearance of the states in 6-layer at the Fermi energy, and, consequently, the arising of
the tunneling of the electrons between quantum well and 6-layer leads to decreasing r•.
This interdependence is clear when the phase breaking time of an electron in 6-layer is
significantly shorter than that in quantum well. The phase breaking mechanisms in the
doped layers, where electrons occupy the states in the tail of density states, are the subject
of additional study, but it seems no wonder that dephasing in this layers occurs faster than
in quantum well.

In conclusion, the 6- or modulation doped layers are arranged in heterostructures to
create the carriers in quantum well or near the hetero-j unction. When the states at the
Fermi energy appear in the doped layers, the tunneling of the carriers between quantum
well and doped layers arises. This process can lead to significant decreasing of the phase
breaking time of the carriers in quantum well.

Acknowledgment

This work was supported in part by the RFBR through Grants No. 00-02-16215 and No. 01-
02-17003, the Program University of Russia through Grants No. 990409 and No. 990425,
and the CRDF through Award No. REC-005.

References

[1] P. Mohanty, E. M. Jarivala and A. Webb, Phys. Rev. Lett. 78, 3366 (1997).
[2] W. Poirier, D. Mailly and M. Sanquer, cond-mat/9706287
[3] S. Hikami, A. Larkin, Y. Nagaoka, Prog. Theor Phys. 63, 67 (1980).
[4] G. M. Minkov, A. V. Germanenko, A. V. Larionova, S. A. Negashev and I. V. Gornyi, Phys.

Rev. B 61, 13164 (2000)


