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Ion implantation is employed for trench sidewall doping. Aspect ratios of trenches for high Mbit
DRAM become very large, so that very small grazing incidence ion implantation to sidewall is
necessary to avoid shadowing effect. In this case, ion reflection in trenches occurs at a high rate
and these reflected ions are implanted to the opposite sidewall, so it is very important to know
this effect to apply real devices. We have studied these ion reflection effects in trenches by SIMS,
and spatial and energy distributions by Monte Carlo Simulation. It is found that reflected atoms
were concentrated at the specular reflection angle. The reflected ions were also scattered with large
angles because of diffuse and inelastic scattering. 'These diffusely scattered atoms are implanted

to the region facing to the directly implanted region.

The experimental results are reproduced

well by using distribution {functions for an amorphous surface.
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Big. 1 Rate of implanted to incident ions vs.
polar angle of incidence for these ions incident
on amorphous Si caleulated by MARLOWE,
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Fig. 2 Schematic arrangements of samples for
depth profile measurement by complementary
experiments of trench sidewall doping.
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¢ Fig. 3 Depth profiles of As implanted to parallel
31 slices shown by insets at 150keV at incident
angles of 7.5°
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Fig. 4 Depth profiles at the directly implanted
point (@ and at the indirectly implanted point
@ in Fig. 3. The curves are aligned so that
the peaks coincide.
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Fig. & Depth profiles of Az implanted to paraliel
Si slices shown by insets at 150keV at incident
angles of 4°
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Fig., 6§ Number of reflected atoms vs. (90°—re-
flection angle) for 10000 incident atoms for As
implantation to single erystal and amorphous
Si at an incident angle of 4° with energy of
1560 ke'V by Monte Carle Simulation.
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Fig. 7 Number of reflected atoms vs. azimuthal
angle for 10000 incident atoms for As implanta-
tion at an incident angle of 7.5° with energy
of 150 keV by Monte Carlo Simulation.
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Fig. 8 Energy carried by reflected atoms vs,
reflection angle for 10000 incident atoms for

As implantation at an incident angle of 4° with
energy of 150 ke'V by Monte Carle Simulation.
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Fig. 8 Schematic diagram of calculation.
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¥ig, 11 Experimental and calculated spatial im-
purity distributions of As implantation at 4°
Solid line is for single crystal Si and broken
line for amorphous Si.
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