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Diffusion Model of Aluminium for the Formation of a Deep Junction in Silicon
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Abstract: In this study, the physical mechanism and diffusion effects in aluminium implanted silicon was investigated.

For fabricating power semiconductor devices, an aluminum implantation can be used as an emitter and a long drift region

in a power diode, transistor, and thyristor. Thermal treatment with O, gas exhibited to a remarkably deeper profile than

inert gas with N, in the depth of junction structure. The redistribution of aluminum implanted through via thermal

annealing exhibited oxidation-enhanced diffusion in comparison with inert gas atmosphere. To investigate doping

distribution for implantation and diffusion experiments, spreading resistance and secondary ion mass spectrometer tools

were used for the measurements. For the deep-junction structure of these experiments, aluminum implantation and

diffusion exhibited a junction depth around 20 pm for the fabrication of power silicon devices.
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Fig. 1. Comparisons of measured SIMS data with simulated data
at 90 keV.
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Fig. 2. Comparisons of measured SIMS data with simulated data
at 120 keV.
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Fig. 3. Comparisons of measured SIMS data with simulated data
at 150 keV.



A7 1A B etel =24, A33H A4S pp. 263-270, 202018 7E: FAUAN 265

Simulation N2-data
Simulation 02-data
=== SR N2-data
mef e SR 02-data

~10"7

Concentration (cm”
SREY

=N

o

10127\'\\|\\\|\\\'\\\\l\\\\

3 4
Depth (um)

Fig. 4. Comparisons with SR and simulation data under inert

and oxidation annealing at 900°C for 16 hours.

10" £

Simulation N2-data
Simulation O2-data
——&=—— SR N2-data
=G SR 02-data

107
~10"¢

10" k

10‘5;

Concentration (cm®

10 [

10k

| I BT

12 7\ Ll Ll B Eal sl Il
10 3 4 5
Depth (um)

Fig. 5. Comparisons with SR and simulation data under inert
and oxidation annealing at 1,000°C for 16 hours.
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Fig. 6. Comparisons with SR and simulation data under inert
and oxidation annealing at 1,100°C for 16 hours.
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Fig. 7. Electronic and nuclear stopping power in aluminium
implanted silicon.
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Table 1. Range parameters extracted from 90 keV to 150 keV

energy in aluminium implanted silicon.

Rp ARp

b eV (¢m) (¢m) ¥ b
90 0.162 0.078 0.61 5.75
SIMS 120 0.197 0.092 0.72 5.14
150 0.28 0.12 0.57 433
90 0.153 0.057 -0.055 2.64
SRIM 120 0.218 0.07 -0.163 271
150 0.252 0.083 -0.24 2.77
|CE 90 0.139 0.073 0.95 9.29
120 0.2 0.089 0.68 7.24
CREM 150 0.276 0.121 0.4 4.86
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Fig. 9. Defect distributions in aluminium implanted silicon from
different incident angles at 150 keV.
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Table 2. Diffusion coefficients of aluminium implanted under
N, and O, annealing for 16 hours.

Diffusion coefficient of aluminium (cm?¥s)
900C 1,000C 1,100TC
110" 7.4x10™ 7.48%10.15

Model

Fuller (N)

Analytical diffusion model (N, and O, annealing)

N, -model 1.82x10™ 1.5x107"3 1.29x10™2

0O, -model 6.15x107* 1.71x107 1.55%x107"2
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Uit
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