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In order to reduce the erosion of the ion thruster accelerator grid, which is caused by charge-exchange (CEX) ions, the 2-grid optical
system is added to a decelerator grid to block the reflux CEX ions. The previous experiment and simulation results have proven that
the decelerator grid can effectively reduce the Pit and Groove erosion. However, the influence of the decelerator grid on the optical
performance has not yet been studied well. In this paper, a three-dimensional Immersed Finite Element Method-Particle in Cell-
Monte Carlo Collision (IFE-PIC-MCC) algorithm was adopted to investigate the effect of the decelerator grid on the optical
performance under crossover and normal circumstances. Results show that the decelerator grid has no effect on the focusing
state and the distribution of beam ions. It also has little effect on the CEX ions from the upstream and extraction (center)
regions. However, it has great influence on the downstream CEX ions. When the upstream plasma number density is small, the
decelerator grid will cause most of the downstream reflux CEX ions to impinge on the accelerator grid aperture barrel, resulting
in the significant increase of the Barrel erosion of the accelerator grid. With the increase of the upstream plasma number
density, the downstream reflux CEX ions tend to impact the downstream surface of the decelerator grid, which means the
decelerator grid begins to block the downstream backflow of CEX ions.

1. Introduction

The failure of the accelerator grid structure is mainly caused
by the sputtering of the charge-exchange (CEX) ions, which
erodes the downstream surface and the apertures of the
accelerator. The erosion of the accelerator grid can be divided
into two types: Pit and Groove erosion and Barrel erosion. In
order to prevent the accelerator structural failure caused by
the Pit and Groove erosion, a decelerator grid is introduced
to the classical 2-grid optical system. Many ion thruster tests
have shown that the decelerator grid can significantly reduce
the Pit and Groove erosion [1–3]. However, the effects of the
decelerator grid on the optical system, such as on the extrac-
tion process of beam ions and CEX ions, have not been fully
studied. The performance of the thrust is determined by the

extraction capability of the optical system, and the extraction
characteristics of the optical system on the CEX ions deter-
mine its service life. Therefore, it is crucial to investigate the
influence of the decelerator grid on the optical system in
order to provide theoretical guidance on the optimal design
of the optical system and ultimately prolong the service life
of the optical system.

The influence of the decelerator grid on the optical sys-
tem can be investigated by experimental tests and numerical
simulations. Compared to the experimental method, the
numerical simulation method is not only cost-efficient but
can also avoid the influence of irrelevant variables to the
object. Hence, currently, a series of numerical studies have
been developed to study the grid erosion. For example,
numerical simulation models have been developed by the

Hindawi
International Journal of Aerospace Engineering
Volume 2019, Article ID 8916303, 11 pages
https://doi.org/10.1155/2019/8916303

http://orcid.org/0000-0002-8437-5103
http://orcid.org/0000-0001-5631-5536
http://orcid.org/0000-0002-4789-6049
http://orcid.org/0000-0003-1646-7513
http://orcid.org/0000-0002-7978-1131
http://orcid.org/0000-0003-3619-4380
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2019/8916303


Jet Propulsion Laboratory to investigate the processes which
limit the life of the accelerator grid [4, 5]. Anbang et al. [6]
use the Particle in Cell-Monte Carlo Collision (PIC-MCC)
method to simulate the ion dynamics and charge-exchange
processes in a 3-grid system. Wirz et al. [2] study the acceler-
ator grid erosion of a xenon-ion propulsion system (XIPS)
ion thruster and find that the decelerator grid effectively
reduces the accelerator grid Pit and Groove erosion by block-
ing the backflow of downstream CEX ions. Wang et al. [4]
adopt a fully 3-D particle simulation model to study the
plasma flow and downstream face erosion of the NASA Solar
Technology Application Readiness (NSTAR) ion thruster
optics. Kafafy and Wang [7–11] study the dynamic behavior
of beam ions in ion optics and the interactions between
nonuniform plasmas and complex objects. Cao et al. [12],
Jian et al. [13], and Lu et al. [14] study the Barrel erosion
mechanism of the NSTAR ion thruster accelerator grid and
the influence of background pressure on the impact current
of the accelerator grid by the Immersed Finite Element
Method-Particle in Cell-Monte Carlo Collision (IFE-PIC-
MCC) algorithm.

However, most of the previous studies are based on the
assumptions that the upstream plasma number density has
a uniform distribution; the influence of the change in opera-
tion conditions on the distribution characteristics of beam
ions and CEX ions in the 3-grid system is not considered.
Hence, in this paper, the influence of the decelerator grid
on the optical performance under different operation condi-
tions is investigated. In the second section, the parameters of
the 3-grid system, the simulation domain, and other numer-
ical simulation settings are briefly introduced. The third sec-
tion compares the performance of the 2-grid optics and the
3-grid optics under two circumstances considering or with-
out considering the CEX ions, including the focusing curves,
the ion extraction capabilities, and the accelerator grid ero-
sion of these two optics. The fourth section presents the con-
clusions of this paper.

2. Numerical Simulation Setup

Referring to Refs. [15–18], it can be found that, for a basic 3-
grid ion extraction system, the decelerator grid is normally

slightly thinner than the screen grid, and its apertures are
usually slightly larger than or equal to the screen grid’s aper-
tures. The gap between the accelerator grid and the decelera-
tor grid is usually the same with the distance between the
screen grid and the accelerator grid.

In this paper, a prototype of a 3-grid system was con-
structed. The geometric parameters of the screen grid and
accelerator grid are based on those of the NSTAR 2-grid
optical system [4], but their voltages are different from the
NSTAR 2-grid optical system. The decelerator grid was
designed based on the principles stated in Refs. [15–18].
The size and spacing of the decelerator grid hole are the same
as those of the screen grid; the distance between the deceler-
ator grid and the accelerator grid is equal to that between the
screen and accelerator grids. The thickness of the decelerator
grid is designed to be the same as that of the screen grid. In
addition, in the simulation, the parameters of the screen
and accelerator grids of the 2-grid system are exactly the
same with those of the 3-grid system.

Figure 1 presents the two-quarter aperture numerical
simulation model used in this paper. The computational
domain is a 3-D rectangle with two-quarter apertures. The
Dirichlet potential boundary condition is adopted on the
upstream surface, and the other surfaces satisfy the Neumann
boundary condition.When the particles collide with the z = 0
and z = zmax surfaces, they are absorbed, whereas those that
hit the other four surfaces are reflected.

In Figure 2, the CEX ion generation region is divided into
four regions:

(1) Upstream region: the upstream boundary of the
simulation domain to the upstream surface of the
screen grid

(2) Extraction (center) region: for the 2-grid system, the
extraction (center) region is from the upstream sur-
face of the screen grid to the downstream surface of
the accelerator grid where the center hole is located;
for the 3-grid system, the extraction (center) region
is from the upstream surface of the screen grid to
the downstream surface of the decelerator grid where
the center hole is located
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Figure 1: Two-quarter aperture numerical simulation model.
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(3) Extraction (edge) region: for the 2-grid system, the
extraction (edge) region is from the upstream surface
of the screen grid to the downstream surface of the
accelerator grid where the edge hole is located; for
the 3-grid system, the extraction(edge) region is from
the upstream surface of the screen grid to the down-
stream surface of the decelerator grid where the edge
hole is located

(4) Downstream region: for the 2-grid system, the down-
stream region is from the downstream surface of the
accelerator grid to the downstream boundary of the
simulation domain; for the 3-grid system, the down-
stream region is from the downstream surface of the
decelerator grid to the downstream boundary of the
simulation domain

In addition, the material of the optics system is molyb-
denum and the propellant is xenon. The normalized geo-
metric dimensions for the ion optic model are given in
Table 1, and Table 2 summarizes the operating conditions
for the numerical simulations.

According to the upstream plasma number density, a set of
meshes are selected and one of thesemeshes is suited for a range
of upstream plasma number densities, as shown in Table 3.

The simulation method, as well as the procedures for cal-
culating the beam ion, neutral atom, and CEX ion, and the
prediction of the accelerator grid Barrel erosion can be
referred to Ref. [12].

3. Simulation Results and Discussion

3.1. Comparison of the 2- and 3-Grid Optical
System Performance

3.1.1. Without CEX Ions. Table 4 shows the beam current per
hole Jb, the impingement current of the accelerator grid per
hole Ja, and the ratio between them without considering
CEX ions. After adding the decelerator grid, the beam cur-
rent of the 3-grid system is almost the same with that of the
2-grid system, and the impingement current of the accelera-
tor grid and the ratio is basically the same as well. Also, the
cross limit for these two optics is still at n0 = 0 2.

Hence, the working conditions of these two types of
optics can be divided into the over-focused condition and
the normal-focused condition according to the impingement
current of the accelerator grid. When n0 ≤ 0 2, the impinge-
ment current of the accelerator grid is greater than 0 and
the optics is under the over-focused condition; when n0 ≥
0 2, it is equal to 0 and the optics is under the normal-
focused condition.

Figures 3 and 4 illustrate the characteristics of the beam
ion under the above two focusing states, respectively, and
Figures 5 and 6 are the corresponding potential distributions.

Table 1: Normalized geometric parameters [12].

Geometric parameters Normalized

Screen hole diameter (ds) 43.85

Screen grid thickness (ts) 9

Acceleration hole diameter (da) 26.56

Acceleration grid thickness (ta) 19

Screen-to-acceleration-grid gap (lg) 15

Center-to-center hole spacing (lcc) 50.87

Table 2: Normalized operating conditions for the ion optics [12].

Voltage parameters Normalized

Net acceleration (VN ) 360

Screen grid voltage (Vs) 354

Accelerator grid voltage (Va) -38

Decelerator grid voltage (Vd) 0
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Figure 2: The CEX ion generation region division.

Table 3: Meshing parameters used in the simulations.

Density
Mesh length

Δz nx × ny × nz

n0 ≤ 1 0 5 2566 × 10−5 27 × 27 × 281
1 0 < n0 ≤ 2 0 2 6283 × 10−5 53 × 53 × 401
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By comparing Figures 3–6, it is found that, after adding the
decelerator grid, the beam ion distribution and the upstream
sheath structure are basically unchanged. The decelerator
grid mainly changes the potential structure downstream of
the accelerator grid. Because the focusing characteristics of
the beam ion are determined by the potential structure of
the upstream sheath, the impingement current of the acceler-
ator grid of the 3-grid optics, the ratio of the beam current to
the impingement current of the accelerator grid, and the
crossing limit of the 3-grid optics are basically the same with
those of the 2-grid optics.

3.1.2. With CEX Ions. Figure 7 illustrates the distribution of
neutral atoms at n0 = 0 5. In the 3-grid optics, the distribu-
tion of neutral atoms changes little compared with the 2-
grid optics. The obvious change is that the atom density
near the downstream of the accelerator grid in the 3-grid
optics is slightly increased, which is caused by the throt-
tling of the decelerator grid. In the following simulation
results, the number density of atoms used in the calcula-
tion of CEX ions in the 2-grid optics and the 3-grid optics
is assumed to increase linearly with the increase of the
upstream plasma number density according to the ratio of
the upstreamplasmanumber density ton0 = 0 5. For instance,
at n0 = 0 075, the density of neutral atoms will be reduced by
0.15 times, while the density of neutral atoms will be 4 times
of that at n0 = 0 5.

The distributions of beam ions and CEX ions in the two
types of optics at n0 = 0 075 and n0 = 2 0 are shown in
Figures 8 and 9, respectively. Since the number density of
the CEX ion is much smaller than that of the beam ion, the
potential distribution is the same with that without the
CEX ion. And it can be found that the CEX ions downstream
of the accelerator grid decrease in the 3-grid optics because
the decelerator grid blocks a large number of backflow CEX
ions. Figure 10 presents the ratio of the impingement current
of the accelerator grid to the beam current while considering
CEX ions. It can be seen that, as the decelerator grid blocks
many backflow CEX ions, the ratio of the 3-gird optics is sig-
nificantly reduced.

3.2. Effect of the Decelerator Grid on the Accelerator Grid
Erosion Induced by CEX Ions. Because the decelerator grid
has a significant impact on the downstream CEX ions, and
the erosion of the accelerator grid is largely caused by the
downstream CEX ions, in this section, the accelerator gird
erosion caused by CEX ions in the 2-grid system and the
3-grid system is compared. In the estimation of the accel-
erator grid erosion, the erosion calculation is based on the
distribution of CEX ions and the potential in steady state
without considering the effect of aperture enlargement of
the accelerator grid.

In Table 5, the average erosion rates of the Barrel erosion
and Pit and Groove erosion under four different upstream
plasma number densities of the 2-grid and 3-grid optics are
compared. Under these four conditions, the Pit and Groove
erosion rate of the accelerator grid of the 3-grid optical sys-
tem all decreased significantly, comparing with the 2-grid
optical system. However, comparing with the 2-grid optical
system, the Barrel erosion rate of the 3-grid optical system
was increased significantly only at the first three operating
conditions (except at n0 = 2 0). Furthermore, it can also be
seen that the influence of the decelerator grid on the acceler-
ator grid Barrel erosion changes with the variation of work-
ing conditions. In addition, the average erosion rate of the
accelerator grid Barrel erosion in the 3-grid optics is at least
one order ofmagnitude higher than that of the Pit andGroove
erosion, so the accelerator gird Barrel erosion becomes amore
important factor affecting the life of the 3-grid optics.

Tables 6–9 compare the impingement current of the
accelerator grid and the average impingement energies of
CEX ions from four different regions under the above four
operating conditions (that is, n0 = 0 075, n0 = 0 2, n0 = 0 75,
and n0 = 2 0). It can be found that the impingement current
caused by the CEX ions from upstream and extraction (cen-
ter) regions is basically unchanged and the impingement cur-
rent of the accelerator grid caused by the CEX ion from the
extraction (edge) region decreases under all of these condi-
tions. However, the impingement current of CEX ions from
downstream increases significantly at n0 = 0 075, n0 = 0 2,
and n0 = 0 75 but decreases slightly at n0 = 2 0. In addition,
the change of the impingement energy of CEX ions from these
four regions is not evident after adding the decelerator grid.

For the 2-grid optics, at n0 = 0 075 and n0 = 0 2, the CEX
ions from upstream lead to not only the greatest impinge-
ment current of the accelerator grid but also the largest
impingement energy, so the main cause of the accelerator
Barrel erosion is the CEX ions from the upstream. However,
for the 3-grid optics, the impingement current of the acceler-
ator grid and the impingement energy of CEX ions from
upstream are basically unchanged, but the CEX ion impinge-
ment current of the accelerator grid from downstream
increases significantly to an order of magnitude. Hence,
CEX ions from downstream are also the main factor causing
the accelerator grid Barrel erosion. Therefore, after adding
the decelerator grid, the accelerator grid Barrel erosion
increases significantly at n0 = 0 075 and n0 = 0 2.

At n0 = 0 75, in the 2-grid optics, although there are still
CEX ions from the upstream impinging on the accelerator

Table 4: Ratio of the impingement current of the accelerator grid to
the beam current without CEX ions.

Density
Jb (μA) Ja (μA) Ja/Jb (%)

2-grid 3-grid 2-grid 3-grid 2-grid 3-grid

0.05 7.8349 7.8348 0.1211 0.1277 1.5455 1.6304

0.075 11.8554 11.8585 0.1255 0.1282 1.0587 1.0808

0.15 24.2087 24.2102 0.0354 0.0360 0.1460 0.1487

0.2 32.2510 32.2554 0.0055 0.0064 0.0166 0.0199

0.25 38.5102 38.5018 0.0001 0.0000 0.0000 0.0000

0.5 79.3658 78.0667 0.0000 0.0000 0.0000 0.0000

0.75 113.9897 110.8854 0.0000 0.0000 0.0000 0.0000

1.0 147.5525 146.1607 0.0000 0.0000 0.0000 0.0000

1.5 189.3685 189.2688 0.0000 0.0000 0.0000 0.0000

2.0 271.9309 271.9175 0.0000 0.0000 0.0000 0.0000
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ni: 1.3×10−06 1.6×10−05 2.1×10−04 2.6×10−03 3.4×10−02 4.3×10−011.0×10−07

Figure 3: Beam distribution without CEX n0 = 0 075 .

ni: 1.3×10−06 1.6×10−05 2.1×10−04 2.6×10−03 3.4×10−02 4.3×10−011.0×10−07

Figure 4: Beam distribution without CEX n0 = 2 0 .

𝜑: −38 −8 22 52 82 112 142 172 202 232 262 292 322 352

Figure 5: Potential distribution n0 = 0 075 .

−38𝜑: −8 22 52 82 112 142 172 202 232 262 292 322 352

Figure 6: Potential distribution n0 = 2 0 .

nn: 1.9×10+01 3.4×10+01 6.4×10+01 1.2×10+02 2.2×10+02 4.1×10+021.0×10+01

Figure 7: Number density distribution of neutral atoms.
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grid aperture barrel, the number of CEX ions is extremely
rare. However, the CEX ions from the extraction (center)
region is dominant, so the CEX ions from the extraction
(center) region are the main cause of the accelerator grid
Barrel erosion. In the 3-grid optics, the impingement cur-
rent of the accelerator grid caused by the CEX ion from
the extraction (center) region is almost the same with that
of the 2-grid optics, while the CEX impingement current
of the accelerator grid from downstream is also signifi-
cantly increased. However, the degree of the increase is
lower than that at n0 = 0 075 and n0 = 0 2. Therefore, after
adding the decelerator grid, at n0 = 0 75, the accelerator
Barrel erosion also increased significantly, but the degree
of increase is lower than that at n0 = 0 075 and n0 = 0 2.

At n0 = 2 0, in the 2-grid optics, the CEX ion from the
upstream disappeared and the impingement current of the

accelerator grid caused by the CEX ion from the extraction
(center) region is the largest, which is the main factor causing
the accelerator grid Barrel erosion. In the 3-grid optics, CEX
ions from the upstream also disappear, and the CEX ion
impingement current of the accelerator grid from the extrac-
tion (center) region is the same as that of the 2-grid optics as
well. Hence, the CEX ions from the extraction (center) region
are also the main factor causing the accelerator gird Barrel
erosion in the 3-grid optics. But it is worth noting that the
CEX impingement current of the accelerator grid from
downstream decreases slightly. Therefore, after adding the
decelerator grid, there is no change in the erosion of the
accelerator grid aperture barrel at n0 = 2 0.

3.3. Effect of the Decelerator Grid on the Downstream CEX
Ions. Due to the little difference of the distribution of neutral
atoms and the distribution of beam ions between the 2-grid
and 3-grid optics, the generation rate of the CEX ions of these
two optics will be basically the same. On the other hand,
since the decelerator grid only affects the downstream
potential of the optics system, the focusing state of CEX
ions will be the same. Therefore, the decelerator grid will
have little effect on the CEX ions from the upstream and
extraction (center) regions. However, the CEX ions from
the downstream will be affected significantly. Hence, in
this section, the effect of the decelerator grid on the down-
stream CEX ions is mainly discussed.

As stated before, at n0 = 0 075, n0 = 0 2, and n0 = 0 75,
the number of CEX ions from the downstream causing the
accelerator grid Barrel erosion is increased, while it decreases
at n0 = 2 0. It indicates that the effect of the decelerator grid
on the downstream CEX ions varies with the upstream
plasma number density.

Figures 11 and 12 illustrate the potential distributions of
the downstream surface of the accelerator grid in the 2-grid

ni: 1.3×10−06 1.6×10−05 2.1×10−04 2.6×10−03 3.4×10−02 4.3×10−011.0×10−07

Figure 8: Beam distribution with CEX n0 = 0 075 .

ni: 1.3×10−06 1.6×10−05 2.1×10−04 2.6×10−03 3.4×10−02 4.3×10−011.0×10−07

Figure 9: Beam distribution without CEX n0 = 2 0 .
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Figure 10: The ratio of the impingement current of the accelerator
grid to the beam current.
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optics and those of the decelerator grid in the 3-grid
optics. It can be seen that the potential inside the acceler-
ator grid hole in the 2-grid optics is higher than the accel-
erator grid potential. Hence, only some of the CEX ions
produced in the downstream region can flow back into
the hole. Most of the downstream CEX ions will be
affected by the negative potential of the accelerator grid
and flow back to the downstream surface of the accelera-
tor grid. The potential distributions of the downstream
surface of the decelerator grid in the 3-grid optics varied
with the working conditions. The potential in the deceler-
ator grid hole is smaller than that of the decelerator at

Table 5: Average erosion rate of 2-grid and 3-grid optical systems (unit: m/1000 h).

Density
Barrel erosion rate (by CEX ions) Pit and Groove erosion rate(by CEX ions)

2-grid 3-grid Reduction (%) 2-grid 3-grid Reduction (%)

0.075 3 5215 × 10−6 5 6802 × 10−6 -61.36 2 0677 × 10−6 4 7612 × 10−8 97.70

0.2 9 5643 × 10−6 1 4798 × 10−5 -52.72 1 4160 × 10−5 2 3608 × 10−7 98.34

0.75 6 1906 × 10−5 7 5255 × 10−5 -21.45 1 2571 × 10−4 7 1011 × 10−6 94.37

2.0 7 2361 × 10−4 7 2432 × 10−4 0.00 7 2439 × 10−4 4 4016 × 10−5 93.92

Table 6: CEX impingement current of the accelerator grid J and mean incident energy E from different regions at n0 = 0 075.

Generation region
J (A) E (eV)

2-grid 3-grid 2-grid 3-grid

Upstream 1 4322 × 10−8 1 4051 × 10−8 1934.0 1934.7

Extraction (center) 4 1011 × 10−10 4 3215 × 10−10 211.81 196.66

Extraction (edge) 3 3325 × 10−10 2 9008 × 10−10 189.37 194.11

Downstream 4 0912 × 10−9 3 7127 × 10−8 197.30 178.32

Total 1 8488 × 10−8 5 1900 × 10−8 1461.9 993.53

Table 7: CEX impingement current of the accelerator grid J and mean incident energy E from different regions at n0 = 0 2.

Generation region
J (A) E (eV)

2-grid 3-grid 2-grid 3-grid

Upstream 4 3281 × 10−8 4 2755 × 10−8 1945.9 1946.0

Extraction (center) 4 1025 × 10−9 3 9469 × 10−9 240.60 235.63

Extraction (edge) 4 0877 × 10−9 7 8354 × 10−10 153.72 206.17

Downstream 1 0105 × 10−8 1 2563 × 10−7 273.11 174.62

Total 6 1576 × 10−8 1 7311 × 10−7 1428.8 651.73

Table 8: CEX impingement current of the accelerator grid J and mean incident energy E from different regions at n0 = 0 75.

Generation region
J (A) E (eV)

2-grid 3-grid 2-grid 3-grid

Upstream 5 2321 × 10−11 5 0160 × 10−11 1944.1 1946.8

Extraction (center) 8 2956 × 10−7 8 2010 × 10−7 344.44 300.53

Extraction (edge) 1 2231 × 10−8 6 1069 × 10−9 211.76 222.22

Downstream 1 2976 × 10−7 3 0766 × 10−7 128.46 172.18

Total 9 7156 × 10−7 1 1284 × 10−6 307.83 257.38

Table 9: CEX impingement current of the accelerator grid J and
mean incident energy E from different regions at n0 = 2 0.

Generation region
J (A) E (eV)

2-grid 3-grid 2-grid 3-grid

Upstream 0.0000 0.0000 0.0000 0.0000

Extraction (center) 6 3902 × 10−6 6 3681 × 10−6 491.41 486.88

Extraction (edge) 2 1765 × 10−8 1 0967 × 10−8 234.02 239.43

Downstream 8 8207 × 10−7 8 1120 × 10−7 141.78 153.10

Total 7 2940 × 10−6 7 1903 × 10−6 450.25 442.02
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Figure 11: Potential distribution of the downstream surface of the accelerator grid of the 2-grid optics.
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Figure 12: Potential distribution of the downstream surface of the decelerator grid of the 3-grid optics.
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n0 = 0 075, while the potential in the decelerator grid hole
becomes larger than the decelerator potential at n0 = 2 0.

Figures 13 and 14 compare the distribution of CEX ions
in the 2-grid optics and the 3-grid optics at n0 = 0 075 and
n0 = 2 0, respectively. In the 3-grid optics, at n0 = 0 075, the
potential inside the decelerator grid hole is less than 0 and
presents a potential structure which can reverse focus the
CEX ions in the downstream. Therefore, in the 3-grid
optics, the CEX ions generated from the downstream are
reversely focused into the decelerator grid hole and tend to
impinge on the accelerator grid aperture barrel. At n0 = 2 0,
the potential inside the decelerator grid hole is greater than
0. Hence, the downstream CEX ions can be blocked by the
decelerator grid.

As shown in Figure 15, the potential at the hole center in
the decelerator grid downstream surface becomes larger with
the increase of the upstream plasma number density. When
the upstream plasma number density is very small, the beam
ion density is small and the space charge potential inside the
hole is less than the potential of the wall. It leads to the CEX
ions being heavily absorbed into the hole of the decelerator
grid, which also increases the number of CEX ions flowing
back into the accelerator grid hole. When the upstream
plasma number density increases gradually, the decelerator
grid potential becomes less than that inside the hole. Most
of the reflux CEX ions in the downstream tend to impinge
on the decelerator grid, so the decelerator grid can effectively
block the CEX ions from the downstream.

Table 10 shows the downstream CEX ion impingement
current on the accelerator grid and the reduction ratio of
the 3-grid system compared with those of the 2-grid system.
As far as the total CEX ion impingement current on the
accelerator grid is concerned, after adding the decelerator

grid, the downstream CEX ion impingement current on the
accelerator grid decreases in these four different upstream
plasma number densities. However, the CEX ion impinge-
ment current of the accelerator grid aperture barrel and the
downstream surface does not decrease at the same time. At
n0 = 0 075, n0 = 0 2, and n0 = 0 75, the CEX ion impingement
current on the accelerator grid aperture barrel increases sig-
nificantly, while the accelerator grid CEX ion impingement
current on the downstream surface decreases significantly.
At n0 = 2 0, the CEX ion impingement current of the
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Figure 13: CEX ions and potential distribution at n0 = 0 075.
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Figure 15: The variation curve of the decelerator grid downstream
hole center potential with the upstream plasma number density in
the 3-grid optical system.
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accelerator grid aperture barrel is slightly reduced, while the
accelerator grid CEX ion impingement current on the down-
stream surface is still significantly reduced, but the reduction
ratio declined compared with the other three working condi-
tions. This result shows that, after adding the decelerator
grid, the reduction ratio of the CEX ion impingent current
of the accelerator grid aperture barrel and the downstream
surface will change simultaneously with the variation of the
operating conditions. Hence, the decelerator grid will affect
the reflux CEX ions that impinge on both the aperture barrel
and the downstream surface of the accelerator grid.

Table 11 presents the proportion of CEX ions from the
downstream that impinge on the aperture barrel and the
downstream surface of the accelerator grid, for both the 2-
grid and 3-grid systems. In the 2-grid system, most of the
CEX ions from the downstream hit the downstream surface
of the accelerator grid, no matter the upstream plasma num-
ber density. However, for the 3-grid system, more CEX ions
from the downstream hit the aperture barrel, rather than
the downstream surface, with the decrease of the upstream
plasma number density.

In brief, after adding the decelerator grid, the impinge-
ment current of the accelerator grid caused by CEX ions from
the upstream and extraction (center) regions is basically
unchanged under the over-focused and normal-focused con-
ditions. However, when the upstream plasma number den-
sity is small, since the potential inside the decelerator grid
hole is negative, most of the downstream reflux CEX ions
reflow through the decelerator grid hole and impinge on
the aperture barrel of the accelerator grid, causing the Barrel
erosion of the accelerator grid of the 3-grid optics to increase
significantly. Only when the upstream plasma number densi-
ties are large enough and the potential inside the decelerator
grid hole becomes larger than the decelerator grid potential
can the decelerator grid effectively block the reflux CEX ions
from the downstream.

4. Summary and Conclusions

In this paper, the influence of the decelerator grid on the
optical performance is investigated in detail through numer-
ical simulations. Results indicate that the decelerator grid has
little effect on the beam ions, as well as the CEX ions from the
upstream and extraction (center) regions, but significantly
affects the reflux CEX ions from the downstream. After add-
ing the decelerator grid, the negative potential inside the
decelerator grid hole attracts more CEX ions to impinge on
the downstream surface of the accelerator grid, while the
CEX ions from the upstream and extraction (center) regions
leading to the Barrel erosion of the accelerator grid are basi-
cally the same, and this causes the significant increase of the
erosion of the accelerator grid aperture barrel. With the
increase of the upstream plasma number density, the poten-
tial inside the hole gradually increases to the level greater
than the decelerator grid potential. Then, the decelerator grid
begins to effectively block the reflux CEX ions in the down-
stream, and the accelerator grid Barrel erosion rate in the 3-
grid optics is basically the same as that of the 2-grid optics.
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Table 10: The downstream reflux CEX ion impingement current of the accelerator grid and the reduction ratio.

Density
Total (A) Aperture barrel (A) Downstream surface (A)

2-grid 3-grid Reduction (%) 2-grid 3-grid Reduction (%) 2-grid 3-grid Reduction (%)

0.075 7 6 × 10−8 4 3 × 10−8 43.4 4 1 × 10−9 3 7 × 10−8 -802.4 7 2 × 10−8 6 2 × 10−9 91.4

0.2 3 6 × 10−7 1 7 × 10−7 52.8 1 0 × 10−8 1 2 × 10−7 -1100.0 3 5 × 10−7 5 4 × 10−8 84.6

0.75 2 8 × 10−6 1 1 × 10−6 60.7 1 3 × 10−7 3 1 × 10−7 -138.5 2 7 × 10−6 8 1 × 10−7 70.0

2.0 1 5 × 10−5 7 2 × 10−6 52.0 8 8 × 10−7 8 1 × 10−7 8.0 1 4 × 10−5 6 4 × 10−6 54.3

Table 11: Proportion of downstream reflux CEX ions impinging on
the aperture barrel and the downstream surface.

Density
Aperture barrel Downstream surface

2-grid 3-grid 2-grid 3-grid

0.075 5.4% 85.6% 94.7% 14.4%

0.2 2.8% 69.2% 97.2% 30.8%

0.75 4.6% 27.2% 96.4% 72.8%

2.0 5.9% 11.1% 93.3% 88.9%
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