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Surface States of Electrons on Helium
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Electron Density and Phase Diagram
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Scattering of electrons

Image: Physics Today 56, 47 (2003)
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Electron Mobility

Mobility exceeding 100 M!

Mehrotra et al., 1984 DK and Kono, 2008
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Nonlinear transport of Wigner crystal (Bragg-Cherenkov scattering)
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Bragg-Cherenkov emission of ripplons

zeEF =


Dykman and Rubo, 1997

Vinen, 1999
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Deformation of liquid surface: 
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Nonlinear transport of Wigner crystal
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Microchannel devices
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The first microchannel device

Glasson et al., PRL 2001 Stripe phase of Wigner crystal

Force-velocity (field-current) curve
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Damping in Vinen’s model
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Friction force on Wigner crystal:

xv
 Damping parameter vd

• Damping of ripplons due to dissipation
• Finite size of Wigner crystal
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Wigner crystal of finite size

12 VV >>1V 1V

Lin et al., PRB 98, 085412 (2018)
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Wigner crystal of finite size

12 VV >>1V 1V

Lin et al., PRB 98, 085412 (2018)

0 50 100 150 200 250
100

200

300

E
(m

ax
)  (V

/m
)

L (µm)

T=0.88 K














−=









−

1

1
2

22
(max) 1 v

vLG

xd

zs
fric

d

e
vv
EenF

ρ

Wigner crystal Electron liquidElectron liquid

0 2 4 6
0

100

200

300

E
 (V

/m
)

I (nA)

 WS 10 µm
 WS 15 µm
 WS 20 µm
 WS 25 µm
WS 35 µm



13

Stripe phase Wigner crystal

Glasson et al., PRL 2001 0.0 0.2 0.4 0.6 0.8
0

50

100  Vgate=0.6 V
 Vgate=0.8 V
 Vgate=1.0 V
 Vgate=1.2 V

E
 (V

/m
)

I (nA)

0 5 10 15 20
0.0

0.2

0.4

0.6

0.8
 Vgate=0.6 V
 Vgate=0.8 V
 Vgate=1.0 V
 Vgate=1.2 V

I (
nA

)

V (mV)



14

Time-resolved measurements

Helium FET

acIacV gateV

Source DrainGate

Measured current Iac

• Time-averaged using locking-in
• Time-resolved using fast oscilloscope

Rees et al., PRL 2016
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Repetitive Slip-Stick Transitions
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Transport through 3-terminal device

3-terminal device

T=800 mK
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Unidirectional (polaronic) transport
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Prospects

Frenkel-Kontorova Model (FKM)

Commensurate Dimple Lattice

Lin et al., JLTP 195, 289 (2018)
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