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Figure 1. (a) Cross—sectional SEM view of the SBTT—
NFGM device after gate—pattern etching, (b)
TEM image of the Si—nanocrystals in the gate
stack.
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Figure 2. Ip—Vgs curves of the SBTT—NFGM device
before the N» thermal treatment. Vp is the
drain voltage.
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Figure 3. (a) Ip—Vg and (b) Ip—Vp curves of the SBTT—
NFGM device after the Ny thermal treatment.
Vp and Vi are the drain and gate voltages,
respectively.
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Figure 4. Ip—Vs curves after applying the =+ gate
voltages, i. e., (right curve) Ip—Vg curve with
electron charging in the Si nanocrystals and
(left curve) Ip—Vg curve with hole charging
in the Si nanocrystals. See the text in detail.
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Figure 5. Changes of the Vu by applying the gate
voltage pulse: (a) the changes along the
positive gate pulse duration by electron
charging in the Si nanocrystals, and (b) the
changes along the negative gate pulse
duration by hole charging in the Si nanocrystals.
Vpom and Vere are the program and erase
voltages, respectively.
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Figure 6. (a) Changes of the Vi, after applying the 18 V
and 50 ms gate voltage pulse; these curves
shows a retention property of the SBTT-—
NFGM device. (b) Changes of the Vy after
applying the 18 V and 50 ms gate voltage
pulse many times; these curves shows an
endurance property of the SBTT-NFGM
device.
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We fabricated a Si nano floating gate memory with Schottky barrier tunneling transistor
structure. The device was consisted of Schottky barriers of Er-silicide at source/drain and
Si nanoclusters in the gate stack formed by LPCVD-digital gas feeding method. Transistor
operations due to the Schottky barrier tunneling were observed under small gate bias < 2V.
The nonvolatile memory properties were investigated by measuring the threshold voltage
shift along the gate bias voltage and time. We obtained the 10/50 mseconds for write/erase
times and the memory window of ~5V under +20 V write/erase voltages. However, the
memory window decreased to 0.4V after 10%seconds, which was attributed to the Er-related
defects in the tunneling oxide layer. Good write/erase endurance was maintained until 10°
write/erase times. However, the threshold voltages moved upward, and the memory window
became small after more write/erase operations. Defects in the LPCVD control oxide were
discussed for the endurance results. The experimental results point to the possibility of a
Si nano floating gate memory with Schottky barrier tunneling transistor structure for Si
nanoscale nonvolatile memory device.

Keywords : Er-silicide, Schottky barrier tunneling transistor, Nano dot floating gate memory,
Nonvolatile memory, Threshold voltage shift, Program/erase, Charge retention,

Endurance
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