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Introduction Trivial and Non-Trivial Configurations Results

Traditional electronic devices such as In the trivial configuration, the D-field does not change its sign between the In both trivial and non-trivial configurations, we observe a resistance peak which
transistors and capacitors utilize the two insulating regions. In the non-trivial case, the D-field does change its sign. suggests a point junction has formed. The trivial and non-trivial configurations
charge and motion of electrons to display peak resistances of 9.82 kQ) and 2.09 kQ respectively. The lower
achieve their task. Next-generation Trivial Configuration Non-Trivial Configuration resistance in the non-trivial configuration can be attributed to the existence of
electronic devices that take advantage valley-chiral states through the junction.
of electron's Spin and \./a”ey.degrees of Vi =3V 2A Vi =5V 2A Trivial Configuration Non-Trivial Configuration
freedom, known as spintronic and 16 9 159 e B
valleytronic devices respectively, have 4 =5 I 2 m '
the potential to improve upon these I
traditional electronics [1]. We study one Vie= 2.5V A N Vp=-2.5V|  -A N o
such valleytronic device, the valley _ .!Eu-u. \ o )
polarizer, implemented using a PN point Vp1=-2.5V  Vp=-5V Vp1 =285V Vp=-5V 8 00- R S g oo- g
junCtion. This device could serve as a Fig 1. Gate Voltages and resulting device structure for trivial and non-trivial configurations. Vi, , and Vy,, , refer to top and 3 1 . 3 .
building block for more complex next- Pottom gate voltages.
generation valleytronic devices. In the trivial case, we expect tunneling through the junction to be responsible

for the device’s conductivity. In the non-trivial case, theory predicts the '

changing sign of the displacement field (and thus changing valley Chern e = 5 el | Io_8

Background number) results in valley-chiral states through the PJ. The existence of these e AL ) -0 e AL ) +0

The band Structure Of bilayer graphene States increase deViCe COﬂdUCtiVity and a”()W the nOn-triVial C()nfiguration t() Fig 5. Device resistance as a function of bottom gate voltages. The origin represents the formation of a point junction.
(BLG) contains local energy extrema in | function as a valley-polarizer.
momentum space known as valleys. The additional valley-chiral states in the non-trivial case have a predicted
BLG has two distinct valleys labeled K resistance of h/4e* Q (~6.45kQ). We denote this resistance R,,. The measured
and K’ at the corners of the first Brillouin Methods resistance in the non-trivial configuration is notably less than Ry, since there is a
zone [2]. A valley polarized current parallel resistance R, due to valley unpolarized tunneling through the junction.
occurs when states associated with one | | To fabricate the device, we begin by Gold Top Gates Ry | y
valley are populated over those stacking mechanically exfoliated Vo 2 hBN " Doint junction configuration
associated with the other. bilayer graphene (BLG) and Ve / 77 BLG rosiatance aiong with valley-

hexagonal boron nitride (hBN). A top hBN chiral states.
Bilayer graphene has a bandgap and bottom hBN serve as insulators | | o o | |
tunable by external perpendicular between orthogonal top and bottom -7 Fig 2. A simplified Overall, the decrease In resistance from trivial to non-trivial configurations
displacement fields, effectively allowing pairs of metal gates and the BLG. The Vor Vo device provides some evidence for the existence of valley-chiral states through the
for control over whether it is zero- stack is transferred to a SiO, wafer Gold Bottom Gates junction. This would suggest that current flow in the non-trivial case is partially
bandgap, P-doped, or N-doped [3]. with pre-deposited metal gates. Top vaIIey.-poIarized.. Further rese.arch cquld qttempt to enh_ance the polarization by
Local gates can be used to take metal gates and electrical contacts are oId‘Sa reducmg_ tunneling, elther by increasing displacement fields (and thus bandgap) or
advantage of this, creating gate-defined | deposited using electron beam by applying a perpendicular magnetic field.
nanostructures. lithography and metal deposition. The Vi

final geometry of the device is defined Fig 3. The final device
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