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Fig. 1. (a) Experimental traces displaying the sudden appearance with decreasing temperature of coupled plasmon-ripplon reson-

ances. The resonances only appear below 0.457 K where the sheet of electrons has crystallized into a triangular lattice. (b) Portion

of the solid-liquid phase boundary for a classical, two-dimensional sheet of electrons. The data points denote the melting temperat-

ures measured at various values of the electron areal density, Ns. Along the line, the quantity I', which is a measure of the ratio of

potential energy to kinetic energy per electron, I'is 1370,
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Fig. 2. Absorption spectra at 28 T and 60 mK for a density
of 0.77 x 101t em™2 (filling factor v = 1/8.7). In the ac-
companying plots of f-p3/2), the value of p is chosen so
that the solid line passes through the origin; the dashed line
is the zeroth-order a-priori computation of the frequency of

the low-mixing modelY.
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Fig. 3. (a) dI/d V diagrams for n = 1 Mott insulator ( Vpias = 160 mV, Vag = 30 V and Vrg = 0.53 V); (b) dI/dV diagrams for n =
2/3 generalized Wigner crystal states ( Vpias = 160 mV, Vag = 21.8 V and Vrg = 0.458 V); (¢) dI/dV diagrams for n = 1/3 gen-
eralized Wigner crystal states ( Vbias = 130 mV, Vag = 14.9 V and Vig = 0.458 V); (d) dI/dV diagrams for n = 1/2 generalized
Wigner crystal states (Vbias = 125 mV, Vg = 18.7 V and Vig = 0.458 V); (e) schematic diagram of sample structurel'?.
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Fig. 4. (a) Spatially resolved tunneling current modulation
814. in the 200 nm x 200 nm region, measured with Vg =
4.6 mV and fill factor v = 0.317, scale length in the panel is
50 nm. (b) FFT of the tunnelling current modulation 84
in panel (a)Pl .
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Fig. 5. (a)—(h) Spatially resolved tunneling current modulation 84 in the same region measured at a series of different filling
factors v, with Vg of 5.2, 5.2, 4.6, 4.4, 4.4, 7.2, 8.0, and 8.8 mV, and a magnetic field B = 13.95 T, the scale lengths in the plots is
100 nm; (i)—(p) corresponding to the tunneling current modulation 814 in panel (a)—(h) of the structure factor S(g), scale length in

the plots is 0.2 nm—1 15,
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Abstract

In 1934, Eugene Wigner at Princeton University predicted the existence of electron crystals. Electrons have
both kinetic energy and potential energy of interaction. When the density of electronic states satisfies certain
conditions, due to the repulsion between electrons, electrons will tend to arrange themselves in a regular lattice
structure, forming electron crystals, which is also known as Wigner crystals. For nearly 90 years, Wigner
crystals have fascinated condensed matter physicists. Physicists have designed many ingenious semiconductor
heterojunctions to obtain lower electron densities and added magnetic fields to achieve larger effective mass of
electron. In 1979, experiments revealed the existence of a phase transition from an electron liquid phase to an
electron crystal on the surface of liquid helium, and subsequent experiments observed the characteristics of two-
dimensional (2D) Wigner crystals in 2D electron gas under high magnetic fields. However, direct observation of
2D Wigner lattices in real space remains a formidable challenge. Through the graphene sensing layer of
WSe, /WS, moiré superlattice, Hongyuan Li, Feng Wang, et
al. observed the real-space morphologies of Wigner crystals 0.8
in their experiments. And in a recent study, researchers used
high-resolution scanning tunneling microscopy to directly
image magnetic field-induced Wigner crystals in Bernal

stacking bilayer graphene and investigated their structural

6Idc/pA

properties as a function of electron density, magnetic field,

and temperature. In this paper, we will introduce some

interesting things about Wigner crystals through four —05

representative researches briefly.

Keywords: Wigner crystals, electron solids, quantum phase transitions, scanning tunneling microscopy
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