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Abstract: In order to study the influence of the thermal accumulation effect of the multi-pulse nanosecond laser
on the cladding process of the boron(B) doped silicon(Si) nano-film, the single-temperature model and the three-
dimensional finite element method were used to numerically analyze the distribution of temperature field during
the interaction process between the laser and the Si film, then the law of temperature field change under multi-
pulse coupling was obtained. Compared with a single pulse, the simulation results of the multi-pulse laser action
shows that the peak temperature has increased 3.2%, the size of the molten pool has enlarged 18.75%, and the
range of the heat-affected zone has also significantly increased; after the laser irradiation, the surface temperature
of the cladding layer drops, while the substrate temperature will continue to rise. The multi-pulse heat

accumulation effect provides favorable conditions for the B diffusion in the Si nano-film. Finally, through single-

s BER:2021-01-12; &7 HHB:2021-02-19
E&TH: BE ARFIF RO H AR ES (51805466); TLIME HIRFIF A4 44 (BK20181055)
EE B, B, B2z, -4 SO, 1, S8 RRRRIN T SO Bk B AR T m i aros

20210023-1



ISk A2

% 10 47

www.irla.cn

o

# 50 %

pulse and multi-pulse laser cladding experiments, the different conditions of the cladding layers were analyzed,

and the general law of the B diffusion assisted by laser cladding was obtained. The technology of laser-assisted B

doped Si nano-film will provide the foundation for the applications in semiconductor devices.

Key words: B doped Si nano-film;
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Tab.1 Thermal physical parameters of matrix materials

Material propertics Solid state Liquid state
Thermal conductivity! &/W-m ™K™' 150 125
Specific heat capacity!''C,, /I kg "K' 700 1000
Density"*)o/kg-m 2329 2520
Melting point T}, /K 1685
Boiling point T, /K 3538
Reflectivity R (4 = 532 nm)!'"” 0.374 0.73
Latent heat of fusion H_s/kJ kg™ 1415.4
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Fig.6 Three-dimensional temperature field distributions at different moments. (a) ¢ =140ns; (b) r=1250ns; (c) +=1390ns; (d) r=2500ns;

(e)t=2640ns; (f) r=3750ns
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Fig.9 Rate of temperature change at different locations changes with

time. (a) Point 4; (b) Point B
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Fig.10 Cmparison with the characters of single and multi-pulse laser cladding of Si film. (a) Morphology of single pulse cladding of Si film;

(b) Morphology of single pulse cladding after remove redundant Si film; (c) Morphology of muti-pulse cladding of Si film; (d) Morphology of

muti-pulse cladding after remove redundant Si film; Morphology of back surface field form by (e) single pulse laser cladding and (f) muti-pulse

laser cladding
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Fig.11 B atoms concentration in Si substrate after laser doping

measured by ECV
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