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A Study of Concentration Profiles in Amorphous Silicon by Phosphorus
Doping and lon Implantation

p.3)
S

l'il_°_

=y’

(Won-Chae Jung)

Abstract

In this study, the undoped amorphous layers and phosphorus doped amorphous layers are fabricated
using LPCVD at 531C with SiHs gas or at same temperature with PHs gas during deposition,
respectively. The thickness of deposited amorphous layer from this experiments was 5000 A. In this
experiments, undoped amorphous layers are deposited with SiHs and Si2Hs gas in a low pressure reactor
using LPCVD. These amorphous layers can be doped for poly-silicon by phosphorus ion implantation. The
experiments of this study are carried out by phosphorus ion implantation with energy 40 keV into P
doped and undoped amorphous silicon layers. The distribution of phosphorus profiles are measured by
SIMS(Cameca 6f). Recoiling effects and two dimensional profiles are also explained by comparisions of
experimental and simulated data. Finally range moments of SIMS profiles are calculated and compared

with simulation results.
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Fig. 1. Measurements of surface roughness in
amorphous deposited by LPCVD.
(a) Phosphorus implantation into
undoped amorphous Si sample
(b) Phosphorus implantation into P
doped amorphous Si sample
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Fig. 2. SIMS-profiles of P implantation in undoped
and P doped amorphous Si layers.
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2 FEe2 WA #HAE profilee] YEYA @
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targete]l Ao X (Transfer energy)7t ¥ <ol
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Fig. 3. SIMS profiles after furnace annealing of
P implantation undoped and P doped
amorphous Si layers at 900C with N2

gas for 20 minutes.



#3 oS¢ Monte Carlo program$! TRIM.2ds}
TRIM.casc®] ZA#s} M2 vlwste] E 429 et
Wtk AFEH 24P EdME €9 datasl A
= 9l (statistic) #E & A3 A YA o]
o] AFE 50,0001 F2&A dAste Aststr.

" 41 ERHR @ ZA59 de] =3 A
RAA  AYEZd e o)2FYF
SIMS-profiles2 % E moments A4},

Table 4.1. Moments calculations from SIMS-
profiles of P implanted undoped and
doped amorphous Si layers.

sample [Rp(gm) |AR,(#m) 4 B
d d
unaoPeal n0a78 | 00224 | 0405 | 36
a-Si
P doped
S 0.0562 | 0.034 0.98 3.45
a-Si

E 42. RAMM, TRIM2D ¢ TRIM.CASCH]
simulation Z¥¢] Hjal.

Table 4.2. Comparisions of simulation results
from RAMM, TRIM.2d, and TRIM.

casc.
Rp ARy ARy
del b4 B
mode (#m) | (nm) (nm)
TRIM.
0.0534 21 0.06 | 261 187
2d
TRIM.casc| 0.0541 215 0.11 | 261 19.9
RAMM 0.0578 234 | 009 | 265 19.7
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RAMM®™ TRIM(2d © casc.) BE&4¥ dlolg g
Zol= 72 ZBL(Ziegler Biersack Littmark) Az}
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Fig. 4. Comparisions between SIMS and simula-
tion data after P implantation into
undoped amorphous Si.
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Fig. 5. Comparisions between SIMS and simula-
tion data after furnace annealing of P
implantation into undoped amorphous
S1.(900C, N2 gas atmosphere, 20 min.)
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Fig. 7. Simulation result of Phosphorus implanted
in undoped silicon and annealed samples.
(900°C, N2 gas atmosphere, 20 min.)
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Fig. 8. Simulation result of Phosphorus implanted
in Phosphorus doped silicon and annealed
samples.(900C, N gas atmosphere, 20

min.)
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