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Dust acts as a contaminant in microchip industry, but novel applications, for instance the

fabrication of poly-crystalline solar cells or quantum dots, require tailor made particles to be

formed in plasma enhanced processes, often involving carbon or silicon. To control the coagu-

lation or transport of dust in a discharge, one needs to actively change the charge on the dust.

One way to control the charge on small particles in a plasma is to use an external source of

ultraviolet light, which detaches electrons from the dust by the process of photo-detachment

[1].

In this paper we focus on the response of a dusty plasma to a short pulse of UV light. We

model a cylindrical argon radio frequency discharge with two clouds of micrometer sized dust

particles inside, using the 1D Particle-In-Cell/Monte Carlo model as described in [1]. The dis-

charge is run at a pressure of 13 Pa, driven at 80 Volts. The distance between the electrodes is 5

cm, the radius of the electrodes is 9 cm. From one side a short (0.4 millisecond) UV pulse is in-

troduced, with an intensity of 25 W m−2, at a wavelength of 311 nm. Note that this wavelength

is much longer than the wavelength required to photo-ionize the background argon atoms.
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Figure 1: The average dust particle potential

during the UV pulse.

The response of the average dust potential

(〈VD〉 = ΣiVD,i/ND = Σi(QD,i/4πε0R)/ND) is

shown in figure 1. We see that the dust potential

jumps from the initial equilibrium value (∼−4.8

V) to the equilibrium value with UV (∼−3.9 V)

and back almost instantaneously.

In figure 2 we take a closer look at the re-

sponse at UV switch-on, and UV switch-off. We

assume that dust particles respond like a capaci-

tor and fit the average dust potential with an ex-

ponential curve, from which we then derive the

”RC-time”.

We clearly see that the exponential curves fit

quite well. It is clear that the response at UV switch-on is much faster (on the order of 1µs)

than the response at UV switch-off (roughly 15µs), which will be discussed below.
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Figure 2: The response at switch-on and

switch-off fitted with exponential ”RC”

curves.

It is of course important to see how the plasma

responses to the changes in dust charge. This re-

sponse has two causes, first of all, the change

in currents to the dust particles affects the re-

combination of plasma on the dust. In fact, the

photo-detached electrons act effectively as an

extra ion current towards the dust. Current equi-

librium thus requires an increase in electron cur-

rent from the plasma to the dust. Therefore, the

dust acts as a bigger sink of plasma when the UV

is switched on. The second effect comes from the

photo-detached electrons themselves. These are

of course added to the plasma and change the

plasma properties as well.

Figure 3 and 4 show the electron energy dis-

tribution function in one of the two dust clouds

present in the discharge, and in the dust-free vol-

ume in the center of the discharge. It is multi-

plied by the electron velocityve =
√

Ee, so that

the slope gives information onTe. It is normalized to the number of electrons, so that the differ-

ent lines can be compared.
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Figure 3: The response of the electron energy

distribution during the pulse inside one of the

dust clouds.

We see that immediately after switch-on, the

population of the high energy tail of the distri-

bution decreases, which is due to the increase in

recombination on the dust. The equilibrium with

UV differs mostly in the dust free volume be-

tween the dust clouds, with a much higher popu-

lation of electrons with intermediate energies be-

low the inelastic processes. These are in a sense

trapped within this volume. At switch-off there

is a sudden heating of these electrons. The elec-

tric field in the discharge changes, due to the in-

creasing negative charge on the dust, resulting in

this heating. The final equilibrium is similar to

34th EPS 2007; V.Land et al. : Dynamic responses of dusty plasma 2 of 4



the initial equilibrium.
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Figure 4: The response of the electron energy

distribution during the pulse in the dust free

center of the discharge.

The electron impact ionization in the dis-

charge is of course directly coupled to the

change in electron energy, especially to the be-

havior of the high-energy electrons (with ener-

gies above the excitation and ionization thresh-

old, at 11.5 and 15.7 eV respectively). Figure 5

shows the electron impact ionization rate, plot-

ted for half of the discharge. It is clear that the

ionization rate with UV is lower, especially out-

side of the dust cloud, which is due to the strong

decrease in the high energy electron population.

At UV switch-off there is a short overshoot in

ionization, due to a sudden increase in the high

energy tail of the electron energy distribution.
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Figure 5: The response of the electron im-

pact ionization rate in the discharge during

the pulse.

For comparison, the response of the dust po-

tential in the same discharge to a complete shut

down of the driving power is shown in figure 6.

We again see that a RC-like behavior fits well,

but with a much longer (de-)charging time. It

is also interesting to note that this fit does not

evolve to dust that is on average neutral. There is

a final negative charge remaining, corresponding

to a potential of approximately -0.2 V.

In [2] experiments were reported on the de-

charging and gelation of micrometer sized dust

particles in the afterglow of a very similar dis-

charge under micro gravity. Three time scales are important for the de-charging of the dust,

namely the OML charging timeτz, the plasma loss timescaleτL, which consists of losses

on the dust, with a corresponding timescaleτA, and the (ambipolar) diffusion timescaleτD

(τL = (1/τA +1/τD)−1), and finally the electron temperature relaxation timescale,τT .
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Figure 6: The dust potential after shut down

of the driving potential and the exponential

fit to the curve.

The charging timescale is found asτz =
√

2πλ2
+,0/[vT,+rD(1 + zeq)(ne/n0)], with z =

e|Z|D/4πε0rDTe(eV ) (z0
eq ∼ 1.5), the dimension-

less dust potential,λ+,0 the ion Debye length,

∼ 4 ·10−5 andvt,+ the ion thermal speed∼ 102

m s−1. The initial charging time is then roughly

3 µs.

The initial diffusion timescale is given by

1/τD = (2
√

2(nNσ+N)−1vT,+)(1+Te/TN)/

3
√

πΛ2
D, with (nNσ+N)−1 the ion mean free path

∼ 10−4m, ΛD the typical diffusion length scale

∼ 5·10−3 m. This leads to a diffusion time scale

τD ∼ 46 µs.

The initial dust recombination timescale is given by 1/τA = 2
√

2πr2
DNDvT,+

(

1+ z0
eqTe/TN

)

.

Our dust densityND = 5 ·1010 m−3 and dust particle radiusrD = 5 ·106 m. This givesτA ∼ 10

µs. Therefore, the loss time scaleτL ≈ τA ∼ 10µs.τT is close to 500µs.

We see that the ambipolar time fits reasonably with the time found from the exponential fit

in figure 6. The response to the UV pulse can be divided into the response on the UV switch-

on, which is dominated by the short time scale of the charging time, and the response to the

UV switch-off, which is determined by the loss time scale. However, at that time, the electron

temperature is elevated, which shortens the loss timescale.

To conclude, we see that a dusty plasma responds very quickly to a short pulse of UV light.

At UV switch-on, the response time is determined by the OML charging time, which is on the

order of a microsecond. At UV switch-off, the response time is determined by losses of plasma,

mainly by diffusion, but at an elevated temperature. On plasma shut-off, the (de-)charging time

is completely determined by the ambipolar diffusion on a timescale between 10 and 100 mi-

croseconds. It seems that it is quite possible to affect a dusty plasma on very short timescales,

without affecting the plasma too much. As a next step, modelling a pulse train of several consec-

utive, but shorter pulses might be interesting. This does however, require a large computational

effort.
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