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1. Introduction

For the last two decades resonant tunneling has been
studied extensively for compound semiconductor multiple
barrier structures [1],[2]. Recent development has allowed
resonant tunneling phenomena to be observed in
aSitH/a-SizN4:H [3] and CaF,/CdF;, [4] double barrier sys-
tem. Negative differential conductance (NDC) in Si double
barrier structure due to resonant tunneling has been ob-
served [5], [6]. Room temperature NDC in a self-assembled
Si quantum dot has also been reported [7].

Strong confinement effect in a Si quantum dot (QD) is
the key to realize operation of resonant tunneling device at
room temperature. In this work we adopted a nanocrystal-
line-Si (nc-Si) QD deposited by UHV-PECVD system. The
nc-Si dot is covered with athin SiO, layer of about 2 nm in
thickness (Figs. 1 and 2). We characterized tunneling current
through a single nc-Si QD by using the contact mode AFM.
We aso performed 3D scattering matrix calculation [8] to
anayze the device transmission probability spectrum and
the electron wave function at resonance.

2. Sample preparation

We used n-type <100> Si wafer for the substrate with
1x10°— 2x102Q cm. After H,SO,:H,0, and HF cleaning, 2
nm chemical oxide was grown by H,SO,:H,0, (30:70) at
130°C for 10 minutes. A single layer of nc-Si dot was then
deposited on the sample by using UHV-PECVD using
pulses of silane and Ar gas. The top oxide barrier was
formed by oxidation of the dot at room temperature. Typical
native oxide thickness is 1.5 to 2 nm. The back contact was
formed with silver paste, and the gold coated AFM cantile-
ver tip was used for the top contact.

The distribution and size of the nc-Si dots were ob-
served by SEM (Fig. 2). The dots are sparsely distributed on
the substrate with a surface density of. 1.4x10® cm?® and
average dot diameter of 10 nm. Individua dots are sin-
gle-crystalline Si as shown in the HRTEM image in the inset
toFig. 2.

For the contact-AFM measurement we used Seiko
SPA-400 unit and SPI3800 probe station. For the cantilever
we used the SI-AF01-A with gold coated tip. We performed
contact-AFM scanning with 1 x 1 um? scan area to generate
the topography image. The AFM measurement was per-
formed by selecting a single nc-Si QD from the topographi-
cal view. Due to the drift in AFM image, a topographical
scan must be conducted every time before we measure the
current viathe nc-Si QD.

3. Room temperature |-V characteristics

I-V characteristics were measured for the single nc-Si
dot at room temperature. Figure 3 shows the typica I-V
curve observed when the sample was positively biased from
0to 4.5 V. Two current peaks were clearly observed at room
temperature: the first peak around 1 V and the second one
around 2.5 V. The largest peak-to-valley (P/V) current ratio
observed is 17 for the 1% resonance.
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Fig. 1 Schematic diagram of a single nc-Si QD resonant tunneling
structure covered with athin SiO, tunnel barrier.
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Fig. 2 SEM image of the nc-Si dot deposited on the chemically

grown SiO, film. The inset shows the HRTEM image of a single
nc-Si QD.

4. 3D S-matrix simulation of transmission spectrum
The single nc-Si QD structure used for simulation is

shown in Fig. 4. It consists of an undoped Si QD with di-

ameter of 10 nm embedded in SiO, matrix, which is sand-



wiched between 2-nm-thick heavily-doped Si contact layers.
Spacing between the contact region and the edge of the QD
is 1 nm. SI/SIO, conduction band discontinuity is assumed
to be 3.0 eV. The entire structure was discretized by using
3D finite difference mesh, and the 3D Schrédinger equation
with an open boundary condition was solved by using a 3D
scattering matrix formula [8]. The calculated total transmis-
sion spectrum is shown in figure 5. The associated 3D
probability density of electron calculated at the first reso-
nance for the first incident wave from the emitter is shown
in Fig. 6, an orthodlice taken at the center of the dot showing
a spherical nature of the first quasi-bound state of the QD.

5. Conclusion

Room temperature NDC has been observed in a single
nc-Si QD RTD. The largest PVR is 17 in room temperature.
The current peaks are attributable to resonant tunneling
through the quasi bound states of the nc-Si QD.
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Fig. 3 Room temperature |-V characteristics with double NDC.
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Fig 4 3D structure of the nc-Si dot sandwiched between two oxide
barriers used for simulation.
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Fig. 5 Transmission rate calculated for asingle nc-Si QD RTD.
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Fig. 6 3D probability density of electron at the center of the dot
calculated for the incident wave from the emitter with the lowest
lateral mode.




