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We report on quantum transport in the presence of an electron reflection grating fabricated within
a high electron mobility transistor structure. The grating was composed of a periodically corrugated
potential wall by which the electron waves are diffracted. The low temperature conductance shows
a number of peaks with respect to the gate voltage, which are consistent with the electron diffraction
effect and are predicted by the Fraunhofer diffraction condition.1997 American Institute of
Physics[S0003-695(97)01750-§

Experimental studies of the conductance properties 0bf the bent wire. First, the bent conducting path of two-
semiconductor ring structures evidenced the quantum wavelimensional electron gg2DEG) has been fabricated by us-
guide effect in the electron propagatibf.Since then, a ing electron beam lithography and subsequent chemical etch-
number of experimental results in the quantum interferencéng on a modulation-doped GaAsi@Ma _,As (x=0.3)
transistor structures have been reported; those show the eldweterostructure grown by molecular beam epitaxy. The
tron interferences associated with the multiple2DEG layer is located 650 A below the top. The width of the
transmissions;* the multiple reflections the lateral electron conducting path is 1.2um, and the distance between the
interferencé, and the electrostatic Aharonov—Bohm efféct. source and drain ohmic contacts is & in the lithographic
On the basis of such results of the phase coherent transportength. The heterostructures were wet-etched down to the
electron diffraction phenomena as well as the electron inter2DEG layer to form a well-shaped pathway. Lateral deple-
ference can appear in a ballistic semiconductor device wheréon further reduces the conducting width. Second, to form
the path length of electrons is less than its coherence lengtHe gate and the grating, electron beam lithography and lift-

A single slit quantum diffraction transistor with multiple off technique were employed. The second step defined the
drains was proposed to have ultrafast extrinsic switching\U/Ni gate with the periodically corrugated part for the grat-
speed and a potential for multi-functionalftyHowever, ing in the sample. The average distance for traveling elec-
there were some difficulties in fabrication of sub-micron sizetrons under the gate is 68, and the metal gate covers the
multi-drains and in measurements of diffraction currents duavhole bent area of the wire. Third, electron beam lithogra-
to low diffraction efficiency. Recently, electron diffraction
by periodic arrays of quantum antidots was investigated by
quantum mechanical calculatioh.was found that the elec- (a)
tron diffraction occurs through multiple channels character- D1
ized by the transverse wave vectors that differ from the wave SR
vector of the incident electron by the reciprocal lattice vec-
tors of the periodic arrays as one can expect from the Fraun-
hofer diffraction of light. So, a reflection type multiple-slit
aperture, which is a diffraction grating, is considered to fa-
cilitate the device fabrications and to increase the diffraction
current for good device performances in the quantum diffrac-
tion devices. We have fabricated and characterized a quan- (b)
tum diffraction transistor that has a reflection type grating
within a conducting wire structure. In this letter, low tem-
perature conductance properties due to the electron grating in
the quantum diffraction transistor are prepared, and the elec-
tron diffraction effect is demonstrated.

In our investigation for the electron diffraction, we fab-
ricated a GaAs/AlGaAs-based conducting wire with a grat-
ing structure, which has a source, a gate, and two drains as
shown in Fig. 1a). The conducting wire was bent, so that the
multiple-slit type reflection grating was planted at the corner

FIG. 1. Scanning electron micrographs(af the quantum diffraction tran-
3E|ectronic mail: kwpark@idea.etri.re.kr sistor and(b) the reflection grating structure.
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phy and the chemically assisted ion beam etcKi@4IBE) (a)
technique were used to define the etching area and to fabri-
cate the grating structure, respectively. At this moment, we
used the corrugated metal gate as an etching mask; the
smaller corner area of the 2DEG conducting channel outside
of the corrugated gate was etched out. Because CAIBE offers
better anisotropic and nonselective etching than other reac-
tive etching techniques, the CAIBE technique is often used
in nanostructure fabricatiolY. Finally, a periodically corru-
gated potential wall, that is a reflection grating, was formed
within the bent conducting path. The grating consists of 11
slits in the conducting path, and the slit width and separation
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were found to be ng=3.2x10"cm? and u=5.9 o I l

X 10° cn? V1 s, respectively. We measured drain cur- =

rent I pg, i.e., conductancer, versus applied gate voltages 53 -40}

V¢ at various levels of source-drain voltagégs by using <

the lock-in technique at 16 mK. While the drain current was
measured abD 1, the drainD2 was grounded and vice versa.
The measured values were calibrated under the constant

drain-voltage bias mode by considering the effect of conduc-FIG. 2. (@) Conductance spectra vs the applied gate voltaged6 mK.

tance change during the gate voltage sweep. We also inVe$pe inset is transconductanag,= (4l ps/dVe) When Vps=5uV. (b)
tigated the temperature dependence of the drain current. Changes of the conductance vs the gate voltages. The positipos$ the
Formation of the sharp potential wall by the grating is major peaks were used in the calculation of the principal diffraction mode
very important in the device operation. It is possible that the"9e*
reactive ion damages at the etched surface create the surface
depletion that smooths out the potential modulation of thedrain voltages from 2.V to 1.2 mV, we have observed a
grating. Even though the diffraction efficiency became smallcharacteristic change in the oscillation intensity. The oscilla-
by the smoothing, we could detect the signals for the electrotory behavior persists up #dps=50 uV, which is shown in
diffraction. Figure 2a) shows conductance spectra as a funcFig. 3. For higher source-drain bias than s the oscilla-
tion of the gate voltage & =16 mK. The source-drain volt- tions start to smear out until they completely disappear at
age was fixed at fuV to preserve the electron coherence.about 1.0 mV. The oscillatory conductances were derived by
The pinch-off voltageV incn-off Of the sample device is 155  the same methods used in FighR The characteristic be-
mV. It is well known that the conductance in a conventionalhavior of the oscillatory conductance versus the source-drain
high electron mobility transistor which has a normal stripevoltage is depicted in Fig.(B) asVg=—133 mV.
gate is proportional t&/g— Vpinch-oft- HOwever, we observed It should be noted that the measurements of the tempera-
oscillatory features which are superposed upon the lineaure dependence of the oscillatory behavior demonstrate how
conductance; the oscillations whose intensity~i25% at the oscillation intensities vary with the operating tempera-
Vs=133 mV for example are clearly seen. Since these ostures. No oscillation signals with respect to the gate voltage
cillatory behaviors are observed in the grating device and nowvere detected at temperatures above 4.2 K. However, the
in the conventional device, we believe that they are manifessignals of the clear oscillations appeared below 0.3 K whose
tations of the electron diffraction effect due to the gratingintensities were almost constant down to 17 mK. With re-
structure. Also, the transconductance versus the gate voltagpect to the correlation energy, both results of 0.3 K in the
for Vps=5 uV is shown in the inset. Multiple negative operating temperature and &Y in the source-drain voltage
transconductance oscillations are clearly seen in the negatiweell match. This characteristic behavior of the oscillatory
slope region of the curve of the source-drain current versusonductance in the operating temperatures as well as in the
the gate voltage. The pure oscillatory conductances are dsource-drain voltages agree well with the results of the typi-
rived from Fig. 2a) by subtracting the linear fitting values cal electron interference effett.
from the measured conductances. The clear oscillations are The elastic scattering length is deduced to bgmé by
exhibited in the gate voltage range, which is shown in Fig.using the simple approximatioh,=hu/e\r. Because the
2(b). Major peaks are represented by bars, which can belastic scattering length is comparable to the gate length, the
attributed to the principal maxima in the diffraction spectraelectron transport under the gate is quasi-ballistic. The inci-
(this attribution of the peaks will be discussed latddis-  dent and diffracted electron waves can be strictly described
tances between the major peaks increase as the gate voltdge plane waves in the ballistic transport regime, so that the
increases from the pinch-off voltage, and three minor peak&raunhofer diffraction mechanism is rigorously valid in the
are shown between the major peaks. sample device. On the other hand, the gate voltage alters the
In the conductance measurements by different sourceslectron density in the device, and the Fermi wavelength is
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( ) T remK ' ' tiple transmission effedthat is, the Fabry—Perot type inter-
_ Vv, =-133mV ference due to the periodically corrugated potential wall in
% L. = the one-dimensional transport, which leads to the maximum
% 01 = SO intensity condition;m\=2b. However the calculated peak
< positions from the multiple transmission effect do not agree
- with the measured values. Moreover, we observed three sec-
ondary maxima between the principal maxima which can be
0.043 1 10100 1000 explained by the Fraunhofer diffraction eff¢see Fig. 2b)].
Vo (V) We believe that the surface depletion at the side wall of the

conducting wire reduces the actual number of the slits in the
FIG. 3. (a) Plots of the conductances as a function of the gate voltage at thgample devices to five.
seyeral source-drain voltag&s- 16 mK. The conductan_ces_ are succe_zssively In conclusion, we have investigated the electrical trans-
shifted by 100umho from the bottom curveb) The oscillation intensity of . .
the conductance vs the source-drain voltage wigs —133 mV. port _prOpem?S of a _GaAS/&Gai*XAS_based qu_antum (_jlf_ .
fraction transistor which has an electron reflection grating in
. ) the conducting wire. The oscillatory behaviors of the source-
changed according toAg=y2m/ns (ns is the wo-  grain conductance with respect to the gate voltage have been
dimensional electron densjtyTherefore, we observe the dif- opserved. We find that these phenomena are well explained
fraction pattern with respect to the gate voltage instead of thgy electron diffraction effect, and the conductance oscilla-
spatial diffraction pattern in this quantum diffraction transis-jons are predicted by Fraunhofer diffraction condition.
tor. When we assume the slowly varying envelope function  This work has been partially supported by Ministry of
in the Fraunhofer diffraction intensity, the diffraction for- |nformation and Telecommunications, Korea.
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