12.d Monte Carlo Simulations

e Problem: How to simulate and
understand self-charge stabilization
(electrostatic self-servos for sample
charge control)

e Solution: Use SIMION with complex
user programs and Monte Carlo
techniques to investigate the nature of
charge balance points.
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Tricks Used

e 6th order power functions used to simulate
secondary ions and electron ke

e Simulation keeps track of all charge
entering, leaving, and returning

e Target's potential adjusted for charging
direction on each successive rerun (binary)

e Simulation terminates when charge
balance criteria are met
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Example of Charge Balance

Sample Target

Results

— Begin Next Fly'm -
0, £t = -147, p = 0, n = -147, e

—————— Bt

TVolts =

TVolts = -5, £t = =140, p =1, n = ’ [0}
TVolts = -7.5, t = -110, p = 0, n = -110, e = 0
TVolts = -8.75, £ = -60, p = 4, n = 4, =0
TVolts = -9.375, £t = -31, p = 3, n = —-34, =0
TVolts = -9.6875, £t = -3, p = 4, n = -7, =0
TVolts = -9.84375, £t = 15, p = 15, n = 0, e = 0
TVolts = -9.76563, t = 3, p = 8, n = -5, =0
TVolts = -9.72656, £t = -1, p = 3, n = -4, e = 0
Finished ; converged

Ion Energy Profile:
13.6667% below 0.25eV

6.33333% between 0.25eV and 0.5 eV
21.6667% between 0.5eV and 1 eV
26.6667% between leV and 2 eV

20% between 2eV and 4 eV

8.66667% between 4eV and 8 eV

3% between 8eV and 16 eV

0% between 16eV and 32 eV

0% over 32 eV

Balance Data:

Left = -10vV, Right = 10V, Target = —-9.72656V
Magnetic Field = O Gauss

Charge From Primary beam = 0O

Emitted p = 150, n = 150, e = 0

Extracted Negative
lons

Returned p = 3, n = -4, ¢ = 0
net_ charge = -1, n extracted = 95
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Charge Balance (electrons)

Sample Target

—————— Begin Next Fly'm —--———--—
=0, £t =-129, p = 0, —-145, e
ReSUItS TVolts = -5, t = -53, p = 1, -130, e
TVolts = -7.5, t = -2, =2, n=-116,

p =

Finished ; converged

Ion Energy Profile:

12.3333% below 0.25eV

% between 0.25eV and 0.5 eV
20.3333% between 0.5eV and 1 eV

26.6667% between leV and 2 eV
21% between 2eV and 4 eV
8.66667% between 4eV and 8 eV
2% between 8eV and 16 eV

0% between 16eV and 32 eV

0% over 32 eV

Electron Energy Profile:
0% below 0.25eV
4% between 0.25eV and 0.5 eV
4.66667% between 0.5eV and 1 eV
10% between leV and 2 eV
31.3333% between 2eV and 4 eV
23.3333% between 4eV and 8 eV
21.3333% between 8eV and 16 eV
5.33333% between 16eV and 32 eV
0% over 32 eV

Balance Data:

Left = -10v, Right = 10V, Target = —7.5V|
Magnetic Field = 0 Gauss

Charge From Primary beam = O

Emitted p = 150, n = 150, e = 150
Returned p = 2, n = -116, e = —38
net_charge = -2, n _extracted = 19
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Negative ions sacrifice
themselves for electrons

Extracted electrons
S (green)

Extracted Negative
lons (red)
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Charge Balance (electrons) with
Magnetic Field Suppression

Magnetic field traps electrons &
restores secondary ion signal

Sample Target
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For More Information

o See the Monte Carlo demo in the user
program reference directories

o Useful strategies
o Complex control

e Secondary ion and electron energy
distribution

e Data recording and display
e Magnetic field inclusion
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