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We have studied charging effects in a lateral split-gate 
quantum dot defined by metal gates in the two dimen
sional electron gas (2DEG) of a GaAs/AlGaAs hetero-
structure. The gate structure allows an independent con
trol of the conductances of the two tunnel barriers sepa
rating the quantum dot f rom the two 2DEG leads, and 
enables us to vary the number of electrons that are local
ized in the dot. We have measured Coulomb oscillations 
in the conductance and the Coulomb staircase in cur
rent-voltage characteristics and studied their dependence 
on the conductances of the tunnel barriers. We show 
experimentally that at zero magnetic field charging ef
fects start to affect the transport properties when both 
barrier conductances are smaller than the first quantized 
conductance value of a point contact at 2e2/h. The exper
iments are described by a simple model in terms of elec
trochemical potentials, which includes both the discrete
ness of the electron charge and the quantum energy 
states due to confinement. 

1. Introduction 

Single-electron charging effects have mostly been studied 
in granular films, metal tunnel junctions, and STM-grain 
junctions [1 ] . More recently, i t has become apparent 
that charging effects can strongly affect the transport 
properties of semiconductor submicron structures weak
ly coupled to the contact leads by tunnel barriers. The 
study of charging effects in semiconductor devices started 
with the observation of conductance oscillations in disor
dered wires [2-4 ] , which were later explained to result 
f rom the confinement of electron charges between impu
rity potential barriers [5, 6]. This stimulated the work 
by Meirav et al. [7 ] , in which a lateral quantum dot 
with controllable potential barriers was used. Their de
vice could change the number of electrons in the dot 
one-by-one, which was seen in the conductance by the 
appearance of oscillations, and they confirmed the expla
nation in terms of charging effects. Later work by 

McEuen et al. [8] on the same kind of device nicely 
showed the interplay between charging effects and mag
netically-induced zero dimensional (0D) energy states 
[9] , which w e w i l l discuss in more detail below. These 
various experiments are reviewed in [10]. In this paper, 
we report experiments on lateral quantum dots [11] de
fined by split-gates in a two dimensional electron gas 
(2DEG). The split-gate geometry allows a detailed study 
of the conditions for observing charging effects, because 
of the ability to control the coupling of the quantum 
dot to the environment. In particular, we wi l l emphasize 
the special properties and possibilities in which semicon
ductor quantum dots differ f rom metal structures; for 
example, the quantized conductance of a point contact 
and resonant tunneling in relation to single-electron 
charging, and different experimental ways to determine 
the charging energy. 

The outline of this paper is as follows: in Sect. 2 we 
discuss our split-gate device; in Sect. 3 we give a theoreti
cal description of charging effects in quantum dots; the 
experimental results are presented in Sect. 4; followed 
by a discussion and conclusions in Sect. 5. 

2. The split-gate quantum dot 

Figure 1 shows a SEM photograph of the gate geometry, 
which is fabricated on top of a GaAs/AlGaAs hetero-
structure containing a two dimensional electron gas 
(2DEG). The plane of the 2DEG is about 100 nm below 
the surface of the heterostructure. The ungated 2DEG 
has a mobility of 2.3 • 10 6 cm 2/Vs and an electron density 
of 1.9 • 10 1 5 m " 2 at 4.2 K. We denote gate F as the finger 
gate, gates 1 to 4 as Quantum Point Contact (QPC) 
gates [12, 13], and gate C as the center gate. A negative 
voltage of —0.4V depletes the 2DEG underneath the 
gates. The narrow channels between gates 3-1, 1-C, C-2, 
and 2-4 are completely pinched-off at this gate voltage. 
In most of the experiments discussed in this paper, we 
do not use QPC gates 3 and 4; the gates are at zero 
potential and have no effect on the 2DEG. Applying 


