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Narrow channel devices were fabricated using a split-gate high electron mobility transistor 
structure in which electrons are forced through a double-bend discontinuity. The 
low-temperature conductance shows a number of peaks in the lowest qua:ntized conductance 
plateau which correspond qualitatively to resonance effects that are predicted for the 
geometrical discontinuities of the double bend. 

Experimental studies of the conductance properties of 
split-gate field-effect transistors have evidenced quantum 
wave guide effects for electron propagation through such 
structures.‘-3 Since then, a number of studies in such struc- 
tures have been reported which have shown effects associ- 
ated with resonant tunneling through impurities,4 superlat- 
tice effects due to a periodic grating,5 and single electron 
charging phenomena6 just to mention a few. Quantum in- 
terference phenomena are only apparent when the path 
length of electrons is below the inelastic mean free path. 
However, clear quantum waveguide effects due to artificial 
electron confinement may only be distinguished when the 
mean free path associated with elastic scattering (e.g., due 
to impurities and defects) is more than the dimensions of 
the waveguide itself. Thus, nanometer scale geometries and 
high mobility samples are necessary for the resolution of 
electron diffraction effects. In this letter, the low-tempera- 
ture conductance properties of a narrow constriction in a 
high-mobility two-dimensional electron gas with a double- 
bend discontinuity are reported, and evidence for interfer- 
ence effects due to the bend are shown. 

The theoretical effects of bend discontinuities on the 
transmission coefficient and current voltage characteristics 
of quantum wire structures have been reported by several 
groups. ‘-lo The effect of a double-bend discontinuity has 
been discussed in detail using a mode-matching theory by 
Weisshaar et ~1.~‘~’ There it was shown that strong reso- 
nance effects are present in the transmission coefficient ver- 
sus energy due to the presence of a perpendicular single 
right angle bend. The effect of a double bend is to add 
further fine resonance features superimposed on the dom- 
inant resonance, with width and spacing in energy being 
dependent on the length of the bend. 

To study the effect of bends on the conductance prop- 
erties of quantum waveguide structures, the double-bend 
structure shown in Fig. 1 was fabricated, Here, a split-gate 
structure was utilized as shown in Fig. 1 (a) in which the 
depletion region between the gate electrodes is used to con- 
strict the electronic motion in the channel. The basic struc- 
ture consists of a single Alo,27G%.73As/GaAs interface 
grown on undoped GaAs where the AlGaAs layer was 
doped 1 x 10’8/cm3 with a 150 i spacer layer. The two- 
dimensional electron gas density in the unprocessed mate- 
rial was measured to be 3.8~ lO*‘/cm* with a mobility in 
excess of 9 X lo5 cm*/V s at 1.7 K based on Hall and 

Shubnikov-de Haas measurements. Depletion mode mod- 
ulation-doped field-effect transistors ( MODFETs) with 
and without split gates were fabricated via conventional 
optical lithography using Au/Ge ohmics to define the 
source and drain regions, and Ti/Au for the bonding pads. 
The transistors were mesa etched for isolation. After the 
ohmic contact deposition and anneal, electron beam lithog- 
raphy was used to define the double-bend split-gate struc- 
tures used in this work.” Following thermal deposition of 
5 nm titanium and 25 nm gold, the gate pattern was trans- 
ferred to the heterostructure by a lift-off procedure. The 
final gates have an overall length of 0.5 pm and a channel 
width of 0.1 pm, as shown in Fig. 1 (bl . 

Conductance measurements were made over the tem- 
perature range O.OT--5 K using a low-frequency (28.6 Hz) 
bridge arrangement in which the voltage across the sample 
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FIG. 1. (a) Schematic of the epitaxial layer structures and the split-gate 
structure used to realize a double-bend constriction. fb) Scanning elec- 
tron micrograph of the split-gate structure. 
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FIG. 2. Conductance as a function of gate voltage at three different tem- 
peratures, 100 mK(Gl), 1 K(m), and 4.2 K(G3). 

was kept below the thermal voltage, kT/q, to avoid elec- 
tron heating effects. In the absence of a gate voltage, the 
device resistance was typically 1 kfi at 4.2 K. For negative 
gate voltages greater than 0.7 V, conduction was confined 
to the one-dimensional channel defined by the two halves 
of the gate. The measured conductance versus gate voltage 
for several temperatures is shown in Fig. 2. At 4.2 K 
(curve G,), quantized conductance plateaus in multiples of 
2e2/h are observed as the channel width is reduced by the 
gate bias. Ten one-dimensional subbands are observed be- 
tween the pinch-off of the two-dimensional electron gas 
(2DEG) and the pinch-off of the electrostatically defined 
channel. The plateau structure at 4.2 K is reproducible 
after repeated cycling between 4.2 and 300 K. 

As the temperature is reduced from 4.2 K to 70 mK, 
the conductance plateaus are observed to resolve into a 
number of peaks, particularly the first plateau which is the 
most resolved. As may be seen in the comparison of the 
conductance for the three temperatures shown, the residual 
plateaus are no longer integer multiples of 2e2/h, but are 
reduced below these values. Figure 3 is an expanded plot of 
the first conductance plateau at a temperature of 250 mK. 
Little temperature dependence is observed as the temper- 
ature is lowered from 250 to 70 mK. The low-temperature 
curves themselves are reproducible after cycling between 
4.2 K and low temperature. It is possible to identify six 
peaks in Fig. 3, a,~‘, and the peaks labeled 1 through 4. 
The two sharp resonant peaks at low gate bias (a and a’ ) 
have been reported by McEuen et al4 where they were 
argued to originate from resonant tunneling through im- 
purity states in the constriction. Above peaks 1 through 4, 
there is a minimum followed by a rise to the second plateau 
which shows an inflection point. Higher plateaus show ev- 
idence of a similar set of peaks, although less resolved. 

In Fig. 4, the calculated conductance versus channel 
width for a double-bend structure of the same nominal 
dimensions is shown using the mode-matching theory de- 
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FIG. 3. Expanded plot of the conductance vs gate voltage at 250 mK for 
the lowest plateau. 

scribed previously.“” Here, only the bend itself is included 
in the calculation without considering the wider outside 
region. The calculated conductance using the temperature- 
dependent Landauer-Biittiker formula is shown at 0 and 
4.2 K, and compared to the quantum steps calculated for a 
simple split-gate structure. The lowest plateau in the the- 
oretical calculation is split apart into a series of resonant 
peaks, followed by a conductance minimum. The theoret- 
ical number of peaks in the first plateau increases with 
increasing length of the horizontal section of the double 
bend shown in Fig. 1 (b). Similar structure is found in the 
higher plateaus, although not as well defined due to mode 
mixing in the higher subbands. At 4.2 K (the dotted 
curve), all of the fine resonant structure due to the double 
bend is washed out, and only a series of deformed plateaus 
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FIG. 4. Theoretical normalized conductance for a double-bend constric- 
tion of the same dimensions as the experimental sample as a function of 
the channel width for 0 K(solid curve) and for 4.2 K(dotted curve). The 
dashed curve is the normalized conductance without the bend disconti- 
nuity. The inset shows an expanded view of the calculated conductance at 
2 K for the first two plateaus. 
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remain. The inset of Fig. 4 shows an expanded calculation 
of the lowest two plateaus at an intermediate temperature 
of 2 K, which resembles the experimental data in Fig. 3 in 
terms of the degree of broadening of the well defined peaks 
3 and 4. The peaks a and a’ do not appear in Fig. 4 because 
impurities have been neglected in the model. At the lowest 
temperature (70 mK), an inspection of the experimental 
conductance just before peak 1 shows two additional 
changes in slope which are suggestive of further peaks. 

A one to one correspondence between the model used 
in Fig. 4 and experiment is not expected as the mode- 
matching theory assumes hard wall boundaries and uni- 
form reduction in the channel width with gate voltage 
which is unrealistic for electrostatic confinement. This is 
evidenced by the fact that fewer plateaus are predicted in 
Fig. 4 below the nominal width of the constriction (100 
nm) than are actually observed experimentally which im- 
plies the actual lateral confining potential is not as steep. In 
contrast to the theory, the experimental data show a tem- 
perture dependence in the overall approaching that of ideal 
quantum steps as the temperature is raised, The reason for 
this difference is not well understood at this time, although 
it is possible due to the temperature dependence of the 
phase coherence length.12 However, recent experiments 
have shown the phase coherence length to be relatively 
temperature independent over the range of the present 
work.13 

Although the peaks in Figs. 2 and 3 are suggestive of 
resonance phenomena associated with the double bend 
shown in Fig. 4, many of the global features have been 
observed by other groups in simple split-gate constrictions 
without intentional discontinuities. The deformation of the 
plateaus themselves have been observed by Brown et aLt4 
and Timp et aL3 at low temperature in straight constric- 
tions, and found to be increasingly important as the length 
of the constriction increases. The total length of the struc- 
ture shown in Fig. 1 is 0.5 pm, which is on the same length 
scale as the structures in which length effects become im- 
portant. 3P14 Brown et ai. argued that the resonant structure 
observed in their work originated from longitudinal reso- 
nances due to the finite length of the constriction, a fact 
which is predicted by simple mode-matching theory.9’15 
More recently, Nixon et aLi have shown using a more 
sophisticated self-consistent numerical model including 
random impurity configurations, that the deformation of 
the plateaus may be explained by impurity-related scatter- 
ing effects, and depend on the exact impurity distribution 
in the vicinity of the channel. 

The present work is differentiated from these previous 
studies primarily by the resolution of several resonance 
peaks in the first plateau which qualitatively compare to 

the predicted peaks in the first plateau expected from scat- 
tering due to the bend. No applied magnetic field was nec- 
essary to reduce weak localization effects in order to re- 
solve the resonance structure shown in Figs. 2 and 3. The 
conductance plateaus persist well past 4.2 K as seen in Fig. 
2, which argues that the one-dimensional subbands are 
well defined, with little collisional broadening due to back- 
ground scattering. In addition, other structures with dif- 
ferent geometrical discontinuities have been fabricated 
which show quite different resonant structure, which can- 
not be simply explained by a random impurity arrange- 
ment. These results will be discussed elsewhere.‘? 
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