


edge state on one side of the junction to a hole edge state on the opposite side. In our previous 

samples, these states are separated by several microns. Here, a narrow trench perpendicular 

to the contacts creates counterpropagating quantum Hall edge channels tens of nanometres 

from each other. Transport measurements demonstrate a change in the low-field Fraunhofer 

interference pattern for trench devices and show a supercurrent in both trench and reference 

junctions in the quantum Hall regime. The trench junctions show no enhancement of quantum 

Hall supercurrent and an unexpected supercurrent periodicity with applied field, suggesting 

the need for further optimization of device parameters. 

INTRODUCTION 

Superconductor-quantum Hall heterostructures are predicted to host Majorana 

zero modes (MZMs) which could be harnessed for fault-tolerant quantum computing [1, 

2, 3]. This has sparked a renewal of experimental interest in the intersection of quantum 

Hall physics and superconductivity [4, 5, 6, 7, 8, 9]. Recently, our group reported on 

supercurrent mediated by quantum Hall (QH) edge states in boron nitride (BN) 

encapsulated graphene [9, 10]. This follows theoretical predictions [11, 12] and raises the 

possibility of MZMs that could take advantage of the gate-tuneability of QH states. 

Exploration of higher applied magnetic fields and fractional quantum Hall states could 

yield parafermions: yet more exotic non-abelian anyons [13, 14]. The microscopic origin 

of the supercurrent in QH systems is not yet conclusively established [10, 15], and with 

observed critical currents on the order of hundreds of picoamps, the signature remains 

difficult to measure.  

At zero applied magnetic field, supercurrent is mediated through the bulk of a 

superconductor-normal metal-superconductor Josephson junction (JJ) via Andreev bound 

states. These bound states emerge when an electron incident on one terminal enters the 

gapped superconductor as a Cooper pair and a hole is reflected back to the opposite 

terminal. There, a Cooper pair is annihilated and an electron is sent back across the normal 

region [16, 17]. The mechanism for QH supercurrent may involve a novel Andreev process 

in which an electron propagating along one edge of the junction is reflected along the 

opposite edge as a hole. The electron and hole states are predicted to be coupled via an 

electron-hole hybrid mode running along the width of the superconductor-normal interface 

[9, 12]. 

The magnitude of the critical current may be limited by the length of this 

electron-hole hybrid mode [9]. Varying the width of JJs has previously been shown to have 

an ambiguous impact on the strength of the supercurrent [10]. However, this study 

involved junction widths on the order of microns. Ideally, these edge states should be 

brought within one superconducting coherence length, 𝜉. On this length scale, the Andreev 

process involved could be analogous to the typical Andreev bound state picture. The 

introduction of a thin trench at the centre of the device induces a pair of closely spaced 

counterpropagating states. This close coupling could enhance the supercurrent carried by 

these edges, enabling the study of higher fields and fractional quantum Hall states. 

This paper presents measurements of JJs in low magnetic fields and at 𝐵 = 1𝑇 

with and without thinly etched trenches. The trench width is measured to be roughly 30nm, 

the same order of magnitude as the coherence length of the superconductor Molybdenum-

Rhenium (𝜉 ≤ 10𝑛𝑚). The existence of the trench is shown to change the Fraunhofer 

interference pattern at small fields, and the QH resistance at high field. However, 

supercurrent in the quantum Hall regime shows no enhancement and an unexpected 

periodicity with applied field. 
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on the order of 0.7mT in both reference and trench junctions, consistent with h/2e given 

flux focusing and the dimensions of the junctions. A very similar period is also observed 

around 1T, shown in Figure 5c-d. 

Surprisingly, there is no change in the periodicity of the supercurrent in the trench 

junctions, as is seen in Figure 5d. Geometrically, a doubling of the periodicity is expected, 

as the QH states now encircle regions of roughly half the previous area. It is known that 

the trenches did yield QH states on either side due to the halved QH resistance plateaus. 

This unintuitive periodicity is consistent with a picture in which only the most distant QH 

states are involved in supercurrent transfer. Further study is required to understand this 

result. 

CONCLUSIONS 

This investigation demonstrates formation of trenches of 30nm width in 

encapsulated graphene Josephson junctions which generate changes in the Fraunhofer 

interference pattern and a doubling of the quantum Hall conductance. However, these 

trenches do not lead to QH supercurrent enhancement. The periodicity of the supercurrent 

at one tesla is consistent with previous results [9, 10] and does not change with the 

introduction of a trench.  

Further optimization will lead to the etching of thinner trenches into these 

heterostructures. Future work will utilize higher spin speeds and lower dilutions of PMMA 

to achieve thinner resists and improve feature resolution. The etching process can also be 

optimized by minimizing the CHF3/O2 step to destroy the exposed graphene and limiting 

unwanted widening of the trench. 
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