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Introduction: The Metal-Oxide-Nitride-Oxide-Semiconductor (MONOS)-type memories have received significant attention
in embedded non-volatile memory (NVM) applications. Electrons or holes are injected into the silicon nitride film from the
silicon substrate via a tunnel oxide film following the quantum tunneling mechanism [1]. The injected charge carriers then
get captured by trap centers in the nitride film. The limited number of trap centers in the nitride film is a crucial problem in
the performance enhancement of MONOS-type memories [2]. In this work, the effect of Hf-ion implantation into the nitride
film on the memory performance has been studied.
Experimental Setup: A thin tunnel oxide film of 2.4 nm in thickness was grown by rapid thermal oxidation (1050 °C) of
p-type (100) silicon substrate. A 30.4-nm-thick silicon nitride film was formed at 600 “C by low-pressure chemical vapor
deposition (LPCVD) using Si>Cls and NH3 gases. A thick blocking oxide film (17.3 nm) was deposited at 400 °C using a
PECVD technique. The silicon nitride film was implanted with hafnium ions of 3 x 10'® cm at 55 keV. Finally, an aluminum
gate electrode was deposited by a vacuum evaporation method to form memory capacitors.
Results and Discussion: Figures 1 and 2 show the flat-band voltage shift (AVeg) at different programming and erasing
voltages, respectively. The capacitors with Hf-ion implantation followed by annealing at 800 °C provide relatively larger
AVes values for programming voltages, while a slight difference is observed between the non-implanted and Hf-ion
implanted capacitors with annealing at 600 “C. On the other hand, in the erasing operation, the Hf-ion implanted capacitors
with annealing at 600 “C provide smaller AVrg values compared to the non-implanted capacitors, as shown in Fig. 2. The
Hf-ion implanted capacitors with annealing at 800 ‘C show comparatively small AVrs values. Further results in terms of
electron spin resonance (ESR) and the charge retention characteristics will be discussed in the presentation.
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Fig. 1. AV at different programming voltages. Fig. 2. AV at different erasing voltages.
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