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Abstract

Using a new MBE growth technique, we fabricate a two-dimensional electron system which is bent around an atomically
sharp 90◦ corner. In the quantum Hall regime under tilted magnetic 5elds, we can measure equilibration between both co- and
counter-propagating edge channels of arbitrary 5lling factor ratio. We present here 4-point magnetotransport characterization
of the corner junction with unequal 5lling factor combinations which can all be explained using the standard Landauer–
B9uttiker edge channel picture. The success of this description con5rms the realization of the 5rst non-planar quantum Hall
edge geometry.
? 2003 Elsevier B.V. All rights reserved.
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1. Introduction

In the quantized Hall regime, a clean two-
dimensional electron system (2DES) with electron
density n in the presence of a magnetic 5eld B ex-
hibits quantized steps in the Hall resistance near
values of magnetic 5eld where the 5lling factor,
� = hn=eB is an integer or odd-denominator frac-
tion, describing the integer [1] or fractional [2]
quantum Hall e ect, respectively. These steps re-
sult from a mobility gap in the bulk region, leaving
gapless edge modes responsible for describing cur-
rent conduction in the system [3]. Early [4–7] and
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recent [8,9] experiments on the quantum Hall e ect
tested the equilibration properties of edge channels in
gated structures that populate di erent channels at dif-
ferent chemical potentials. However, the reduced mo-
bility of low-density gated regions restricts the 5lling
factor combinations that can be tested, and in planar
structures co- and counter-propagating equilibration
studies require fundamentally di erent gate designs
[8,9]. We present in this paper a new type of device for
studying edge state equilibration which permits abrupt
junctions between arbitrary 5lling factors of both
co- and counter-propagating edges, simply by tilting
the sample in a magnetic 5eld.

2. Sample

We call our device the bent-quantum well
(BQW) heterojunction, fabricated by overgrowing a
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Fig. 1. Schematic of the overgrown corner showing the substrate
and precleave 2DESs (left) as well as a top perspective of the
contact layout (right).

Fig. 2. Plot of Rsxx = R5−8;6−7 (top), Rpxx = R1−4;2−3 (middle),
Rsxy=R2−6;7−5, Rc=R2−6;1−5, and R

p
xy=R2−6;3−1 (bottom) mea-

surements of the corner well at tilted B-5elds such that �s=�p=+1
3 ,

ns = 1:07 × 1011 cm−2 and np = 1:30 × 1011 cm−2. Plateaus in
Rxy and Rc are indexed with quantum number, n according to
R= h=ne2. The bottom 5gure demonstrates the Landauer–B9uttiker
prediction Rc = |Rsxy| − |Rpxy|.

standard GaAs/AlGaAs heterojunction structure on a
precleaved corner [10] as depicted schematically in
Fig. 1, left. The length of the corner junction in the data
presented here is L=3:2 mm, and indium contacts are

Fig. 3. Plot of Rsxx = R5−8;6−7 (top), Rpxx = R1−4;2−3 (mid-
dle), Rc =R2−6;1−5, Rsxy =R2−6;7−5 and −Rpxy =R2−6;1−3 (bot-
tom) measurements of the corner well at tilted B-5elds such that
�s=�p =− 1

2 ns = 1:15× 1011 cm−2 and np = 1:25× 1011 cm−2.
Plateaus in Rxy and Rc are indexed with quantum number, n
according to R = h=ne2. The bottom 5gure demonstrates the
Landauer–B9uttiker prediction Rc = |Rsxy| + |Rpxy|.

alloyed to each facet away from the corner junction,
and indexed as shown in the top perspective of Fig. 1,
right. We identify one side of the device as the ‘sub-
strate’(s), and the other side as the ‘precleave’ (p) as
in Fig. 1 [10], and measure slightly di erent electron
densities for the two facets under di erent cool-downs
as listed in the captions of Figs. 2 and 3. We desig-
nate the contact con5guration of all 4-point resistance
measurements with the notation Ri−j; k−l for current
leads i − j and voltage measured between k − l.

3. Results

In the presence of a tilted magnetic 5eld at an angle
� relative to the substrate normal (Fig. 1, left) the
relative 5lling factor between the two systems �s=�p
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can be tuned according to

�s
�p

=
ns=B cos(�)
np=B sin(�)

=
ns
np

tan(�): (1)

The high quality of the growth is demonstrated by frac-
tional quantum Hall e ect (FQHE) minima appear-
ing on both facets below 1 K. For angles 0◦¡�¡+
90◦(�s=�p¿ 0) the edge channels counter-propagate
at the corner reminiscent of the coupling chirality be-
tween gated QHE regions in standard planar struc-
tures. But for 0◦¿�¿−90◦ (�s=�p¡ 0), the normal
component of the magnetic 5eld changes sign across
the junction, resulting in a junction of co-propagating
edge states of arbitrary 5lling factor simply by tilting
the junction in a B-5eld.
We begin our Hall measurements in the �s=�p¿ 0

regime. Fig. 2, top, shows Rpxx = R1−4;2−3 and Rsxx =
R5−8;6−7 for �s=�p =+1

3 , corresponding to a magnetic
5eld tilt angle of �=+21:6◦. The minimae of the se-
ries (�s : �p)=(1 : 3), ( 23 : 2), (

1
3 : 1) go to zero for both

Rxx traces, validating the use of the edge channel pic-
ture at these 5elds. The inset of Fig. 2 shows a car-
toon of the (1 : 3) case, showing the sign of the normal
B-5eld component in each region. In Fig. 2, bottom,
Rsxy = R2−6;7−5 and R

p
xy = R2−6;3−1 are plotted along

with the 4-point corner resistance Rc = R2−6;1−5. Be-
cause current contact number 2 feeds both voltage con-
tacts 4 and 8, the 4-point resistance R′c =R2−6;4−8 =0
is trivially zero. By inspection then, Rc is just the dif-
ference between the two Hall resistances, Rc = |Rsxy|−
|Rpxy| con5rming the Landauer–B9uttiker picture [11]
with full equilibration of edge channels on reaching
contact 1.
Next we examine �s=�p¡ 0, the condition novel to

this paper where the normal magnetic 5eld changes
sign across the junction, and the edge channel in the
precleave system correspondingly switches chirality
(Fig. 3, inset). Fig. 3, top, shows Rpxx = R1−4;2−3

and Rsxx = R5−8;6−7 for �s=�p = − 1
2 , corresponding

to a B-5eld tilt angle of � = −30:2◦. There we see
well-developed minimae at (�s : �p) = (2 : 4) and
(1 : 2). In this novel geometry, the co-propagating
edge channels at the L = 3:2 mm long corner fully
equilibrate, meaning the downstream potential at
contacts 4 and 8 are equal and R′c =R2−6;4−8=0. Cor-
respondingly, the only non-trivial 4-point resistance
is again Rc = R2−6;1−5. With the opposite chirality in
the two systems, we note that since Rpxy has changed

polarity Rc is now the sum of the individual Rxy’s:
Rc = |Rsxy| + |Rpxy|. It is worth noting that in planar
gate de5ned geometries, no 4-point resistance can be
larger than the largest individual Rxy, so we have
successfully demonstrated a new regime of validity
for the Landauer–B9uttiker formalism.
It remains to be seen what physics will be observed

at junction lengths L ∼ leq of order the interchannel
equilibration length, where outgoing channels from
the corner are not fully equilibrated, but rather partially
reNected/transmitted. In such a case, dependences on
co- versus counter-propagation as well as on the spe-
ci5c value (�s : �p) are anticipated, and at a lossless
junction, novel e ects like a DC step-up transformer
are predicted, due to Andreev-like quasiparticle reNec-
tion [12–14]. Future experiments with small junctions
can also measure interchannel equilibration lengths for
both co- and counter-propagating edges in the same
device.

4. Conclusion

In conclusion, we observe quantum Hall e ect in a
new corner quantum well structure. The relative 5lling
factor between 2DEGs on the two facets of the corner
is tunable by tilting the magnetic 5eld angle, and two
di erent regimes are studied where the edge channels
at the corner junction are co- and counter-propagating.
This paper determines that the device functions as
expected, and is well behaved in the quantum Hall
regime.
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