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Fig. 1. Schematic diagram of the dusty plasma metal
straight ratchet. The upper surface of the lower electrode is
composed of 30 sawteeth (shown only 7 sawteeth), com-
bined with two metal strips, a ratchet channel along the z
direction is formed. Monodispersed dust particles are intro-
duced into the “0” sawtooth at the middle of the ratchet
channel, which exhibit directional flow along the ratchet

channel under specific conditions.
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Fig. 2. Positive flow of dust particles in the dusty plasma
metal straight ratchet: (a), (c), (¢) Number of introduced
dust particles increases, the spatial distribution of dust
particles in the ratchet channel gradually expands to the
right, forming a positive flow, N represents the total num-
ber of dust particles in the ratchet channel; (b), (d), (f) the
corresponding distributions of particle number n along the
ratchet channel, gas pressure p = 35Pa, discharge power
P =40 W, particle diameter is 15 pm. Brightness of dust

particles in images is enhanced.
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Fig. 3. None net flow of dust particles in the dusty plasma
metal straight ratchet: (a), (c), (¢) Number of introduced
dust particles increases, the spatial distribution of dust
particles in the ratchet channel gradually expands to both
sides simultaneously, N represents the total number of dust
particles in the ratchet channel; (b), (d), (f) the correspond-
ing distributions of the particle number n along the ratchet
p=35Pa,
P =25W, particle diameter is 15 pm, brightness of dust

channel, gas pressure discharge power

particles in images is enhanced.
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Fig. 4. Negative flow of dust particles in the dusty plasma
metal straight ratchet: (a), (c), (e) Number of introduced
dust particles increases, the spatial distribution of dust
particles in the ratchet channel gradually expands to the
left, forming a negative flow, N represents the total num-
ber of dust particles in the ratchet channel; (b), (d), (f) the
corresponding distributions of the particle number n along
the ratchet channel. Gas pressure p = 35Pa, discharge
power P = 15 W, particle diameter is 15 pm. Brightness of

dust particles in images is enhanced.
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Fig. 5. Phase diagram of the directional flow of dust
particles under different gas pressure and power experi-
mental conditions. The black curve represents the critical
line separating the positive and negative flows of dust

particles in the ratchet channel, particle diameter is 15 pm.
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Fig. 6. The flow of dust particles with different sizes in the ratchet channel under same discharge conditions: (a) Dust particles with

a diameter of 10 um gradually form a positive flow as the number of introduced dust particles increases; (b) dust particles with a

diameter of 15 pm do not form a directional flow in the ratchet channel; (c¢) dust particles with a diameter of 24 um gradually form

a negative flow as the number of introduced particles increases, gas pressure p = 35 Pa, discharge power P = 25 W . Brightness of

dust particles in images is enhanced.
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Fig. 7. The contour distribution of the sheath electric field
E. on the surface of two sawteeth (a) and the correspond-
ing potential variation along these contour curves (b). (a)
The contour curves of the vertical component of the sheath
electric field FE, show asymmetric distributions, dust
particles of different sizes are suspended along different con-
tour curves within the sheath; (b) the potential distribu-
tion has the characteristic of a ratchet potential. Therefore,
dust particles of different sizes are suspended at different
heights within the sheath, experiencing ratchet potentials
with different characteristics, which leads to distinct trans-
port outcomes along the ratchet channel. The red, green
and blue balls in the curves indicate dust particles with dia-
meter of 10, 15 and 24 pm, respectively. Gas pressure
p = 35 Pa, discharge power P =25 W .
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Abstract

Using Feynman ratchet principle, it is possible to rectify the random motion into directed flow of particles
in a nonequilibrium environment. In this work, an experimental setup for a dusty plasma metal straight ratchet
is designed to create an asymmetric plasma environment along the ratchet channel, achieving controllable
rectification of micron-sized dust particles. Monodispersed dust particles can form a directional flow in the
ratchet channel, and the transport direction can be precisely controlled by adjusting the discharge power and
the gas pressure. Research on the transport of dust particles with varying sizes proves that the rectification
effect is universal. To reveal the rectification mechanism of dust particles, a fluid model of plasma is adopted to
calculate the two-dimensional distribution of plasma parameters within the ratchet channel. Further research
through Langevin simulation shows that dust particles experience ratchet potentials with different asymmetric
orientations at different suspension heights within the ratchet channel, leading to different transport directions.
The results of this work lays a theoretical and experimental foundation for further realizing the separation of bi-
disperse particles in dusty plasma metal straight ratchets.
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