Nanocrystalline Silicon Point-Contact Single-Electron Transistor
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depletlon reglon In standard lysnhc n films, the grain size and capacitance
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chargmg cffects up to 60 K have been demonstrated in as—depos;ted nc-Si point-contact SET's
[2]. Here, we report room-temperature single-electron effects in nc-Si SETs, where low-
temperature oxidation has been used to modify the inter-grain tunnel barriers.

The nc-Si material was prepared using a low-temperature (equal to or less than 300°C)
PECVD process from a SiF,: H,: SiH, gas mixture. A continuous, ~30 nm thick film was
deposited from the plasma on a 150nm thick SiO, layer thermally grown on an n-type silicon
substrate. The films were doped n-type in sifu using PH, and the room-temperature carrier
concentration was 10”/cm’. Raman spectroscopy performed on the film indicated a grain-size
of ~4 nm — 8 nm and a crystalline volume fraction of 70%. The point-contact SETs were
defined in the nc-Si film using electron-beam lithography and reactive-ion etching in a
SiCl,/CF, plasma. The SETs were then oxidised at 750°C for 1 hour, followed by annealling
in argon at 1000°C for 15 minutes. In this process, the grain-boundaries were likely to be
oxidised more than the crystalline grains. Fig. 1 shows an SEM image of a SET with a ~50
nm X 30 nm cross-section point-contact defined between source and drain regions. Two
lateral side-gates are used to control conduction through the point-contact.

Figure 2 shows the drain-source current-voltage (Is/Vyp) characteristics at 23 K in a SET
with a 30 nm x 30 nm point-contact. A high-resistance Coulomb blockade region is seen
around zero V. This region is 100 mV wide at V=1 V and is modulated periodically by
the gate voltage. Figure 3 shows the I,,¢/V s characteristics at Vpg = 20 mV as a function of
temperature. Periodic single-electron oscillations in I ,g can be observed even at 300°K. Fig. 4
shows the corresponding I,s/Vpg characteristics, which remain non-linear up to 275°K. These
effects may be attributed to single-electron charging in the point-contact, associated with an



island formed by a nc-Si grain isolated by grain-boundary tunnel barriers of amorphous

silicon/ Si0O,.
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Fig. 1. Nanocrystalline silicon Fig. 2. Ip¢/Vps characteristics of a nc-Si SET at 23
point-contact SET. K. Vg increases from 1 V to 8.8 Vin 0.2 V steps.
The curves are offset in current by 2 nA for each
step in gate voltage.
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Fig. 3. I,¢/Vgs characteristics of a nc-Si SET at
Vps= 20 mV. The lowest temperature curve is
measured at 23 K. The temperature for the
remaining curves is increased from 50 K to 300 K
in 25 K steps.

Fig. 4. I,4/V ;s characteristics in a nc-Si SET at
Ves= 2 V. The lowest temperature curve is
measured at 23 K. The temperature for the
remaining curves is increased from 50 K to 275
Kin 25 K steps.



