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(100) (SOI)

(Mask) Abstract

This research project focuses on

<110> fabrication and measurement of silicon

nanoelectronic devices, including

(taper) <100> nanomemory device and single -electron
transistor (SET), on (100) SOI silicon wafer.

(vertical) The main structure of nanoelectronics is
<110> fabricated with scanning probe microscope
<100> (SPM); the hydrogen terminated silicon

surface can be transferred into silicon oxide

when a bias is applied between the SPM tip

and the substrate. The oxide was then used

as mask in orient dependent wet etching to

generated silicon nanowires (SINWs). When

(polysilicon) oxide nanopatterns were generated along
(spacer etching) <100> <110> then <100> and back to <I110>,
nanowire with taper sidewall is obtained for

<110> direction and nanowire with vertical

sidewall in <100> direction after anisotropic

wet etching. Deposition of thin poly silicon

film of tenth of nanometers on the nanowires

(channel) followed by the spacer etching, two

polysilicon floating nanodots on the side of

nanowire in <100> direction is expected.

(depletion) The tunneling of electrons into the nanodots
gives us the control of the device as the

“flash memory” in nanometer scale. The

SET is also formed with SINWs. When one

of SINW is wuased as channel, two

perpaticular SINWs with bias are used as

<110>

(12K~300K)



side gates. Control of the pitch between two
side gates will generate two depletion
regions and a silicon nano island. With the
control of source/drain voltage and the gate

voltage, tunneling of electrons through 4.

depletion regions into nano island can be
observed. In this study, memory read/write
propteries, I-V characteristics and tunneling
phenomenon will all be observed.

Keywords: Scanning probe microscope, SOI,
silicon nanowire, nanoelectronics,
anisotropic  etching, spacer  etching,
tunneling.
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Experiments and Results

The substrate used in the experiment was
a p-type SOI (100) wafer that was ion
implanted with boron at 15 keV with a dose
of 10" atoms/cm®. To activate the boron
implanted layer the wafer was annealed at
950 °C for 4 h. The result was a p-type SOI
sample where the top 30 nm was boron
implanted. Lithography was carried out by
first passivating the silicon surface with
hydrogen by dipping the sample in 5%
diluted HF solution for 20-30 s. This
passivation was typically effective for at
least 1 h. The average surface roughness of
the H-passivated films measured by AFM is
around 0.5 nm. Scanning probe lithography
was performed in ambient with the
cantilevers coated with Ptlr. The relative
humidity kept at ~60 % and at room
temperature. The nano-oxidation masks were
formed by applying a bias voltage of -6.5 V
on the tip with respect to the sample [5, 6].
Typical set point force and writing speed are
1 nN and 1 um/sec, respectively.

After AFM nano-oxidation, the sample is
etched in 25 wt % TMAH at temperature 40

°C [7]. The oxide serves as an etch mask and
the surrounding unprotected silicon is etched
off leaving the silicon nanowire. An etching
time of 3 min was chosen to ensure that the
surrounding silicon etched away without
attacking the pattern itself significantly. An
AFM image of a silicon nanowire is shown
in Figure 1 (a). The height of the structure is
30 nm and the linewidth is 60 nm.
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Figure 1: (a) The AFM image of the silicon
nanowire which is 30 nm in height, 60 nm in
width, 4 pm in length after 25 wt % TMAH
etching at temperature 40 °C for 3 min with
oxide mask generated by SPL. (b) The SEM
image of the silicon nanowire.

A 500 A thick Nickel films were
deposited on silicon nanowire using
electron-beam evaporation. The samples
were etched with 5% diluted HF solution to
remove the native oxide on silicon nanowire



before loading into the evaporation chamber.
The evaporation rate was about 5 A/s in a
vacuum of 3x10° Torr. After the metal
deposition, the NiSi nanowire was formed by
rapid thermal annealing (550 °C for 120s) in
nitrogen ambient [8]. The unreacted metal on
oxide was removed by a selective etching
solution (HNO;3:H,0=7:1) at room
temperature for 3 min, to aviod attacking the
silicide, oxide or silicon. Three kinds of
nanowires were formed in our experiment:
silicon nanowire without depositing Ni,
silicon nanowire with half NiSi, and NiSi
nanowire. Finally, the electrode was
deposited: Ti/Au. The Ti/Au electrodes were
made with 20 nm of Ti adhesive layer and a
250 nm of Au. The metal electrodes were
formed by a lift-off process.

1 RESULTSAND DISSUSION

Before forming the silicide nanowire, we
optimize the conditions of annealing
temperature, thickness of Ni film, and silicon
consumption rate, which are all very
important for the formation of NiSi. Table 1
shows the sheet resistance and film
resistivity of Ni film and NiSi film,
respectiveily. It is observed that the NiSi
film has the lowest sheet resistance and film
resistivity. This result is consistent with the
previous reports (14~20 uQ-cm) [3]. The
2.22 nm NiSi needs to consume 1 nm Ni and
1.84 nm silicon [9], so a 50-nm-thick Ni
films is deposited on silicon nanowire and
SiNW is transfered into NiSi nanowire by
annealing.

Si Ni NiSi

Rs(Q/o)| 4.55K 4.62 2.27
p(Q-cm)| 194.8 m 38.6 1 19u
Table 1: The sheet resistance and film

resistivity by the four point probe analysis

To assess the electrical characteristics of
the p-type silicon nanowire, FET devices
were fabricated using standard procedures
with back gate geometry [10]. In addition,
the metal/semiconductor contact plays a key

issue in studying the electrical properties of
semiconducting nanowire. To reduce the
contact resistance, Ti is deposited to remove
intrinsic SiOyx on silicon nanowire and to
form the low resistive TiSi, above 600 °C
and has been proven to have good contact
with both p- and n-type silicon nanowire.
Figure 2(a) shows the typical I4 versus Vs
characteristics obtained from a p-type
SINW-FET with Ti/Au electrods. The
two-terminal I4-V4 measurements are linear
for different bias values of V,, which
indicates that the metal/semiconductor
interfaces are ohmic contacts. In the
measurement, we observed that the positive
V,s almost induces no current, and the
current increases dramatically when appling
negative Vg (Vg from 5V to -5V). In Figure
2(b), sweep of the V,s demonstrates that the
silicon nanowire is p-type.
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Figure 2: (a) Typical I4 versus Vg5 curves of
a 60 nm wide p-type silicon nanowire device.
The gate voltage for each I4—Vg4s curve is
indicated. (b) I4 versus Vg curves recorded



on the same silicon nanowire device with Vg
swept from OV to 0.5V.

Although some groups report an
integrated contact and interconnection
solution that overcome this size constraint
through selective transformation of silicon
nanowires into metallic nickel silicide
nanowire [11]. Previous investigation of
metal silicides can exhibit low resistivity,
compatibility with conventional silicon
manufacturing, and the ability to form
contacts to both p- and n-type silicon. For
this reason, we produce the NiSi nanowire
by annealing the Ni-metal-coated silicon
nanowire at 550 °C for 120s in nitrogen
ambient. In Figure 3, electrical properties of
a 60 nm diameter NiSi nanowire shows
highly linear current on I4 versus Vg in
two-terminal measurement. The current of
NiSi nanowire is high in comparison to the
silicon nanowire; indicating that the NiSi
nanowire has a very low resistivity. In
addition, the back gating effects are not
clearly visible for the NiSi nanowire when
we applying different gate voltages (0V to
-5V). These results show that the NiSi
nanowire exhibits metallic characteristic.
Finally, we also fabricated
nanoscaled-Schottky barrier junction by
forming a NiSi/Si heterojunction in silicon
nanowire. A half of silicon nanowire was
coated with photoresist. The sample was
deposited with an e-beam evaporator for a 60
nm Ni film. After lift-off, the samples were
annealed and etched as described above. The
Figure 4 shows the I4 versus Vg

characterictics by two-terminal measurement.

Current rectification has been observed
clearly in NiSi/Si heterojunction, and
nanoscaled-Schottky barrier junction can be
formed through proposed technique. The
result indicates that nanoscaled-Schottky
diodes have an on-off current ratio of nearly
10°, which exhibits a very similar behavior
to bulk Schottky barrier junctions.
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Figure 3: Typical I4s versus Vg5 curves of the
60 nm wide NiSi nanowire device. The gate
voltage for each I4—Vys curve is indicated.
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Figure 4: Typical characteristics of I4s versus

Vs of the Schottky barrier junction (NiSi/Si)
in a 60 nm wide nanowire.

2 SUMMARY

We have successful fabricated the 60-nm
wide silicon nanowire by using the scanning
probe lithography and followed by TMAH
wet etching. And, low resistivity NiSi
(19puQ-cm) was confirmed with the condition
at 550 °C for 120s in nitrogen ambient. Then,
the nickel silicide nanowires show very low
resistivity and large conductive current in
comparison to the silicon nanowires were
the with

barrier

observed. Finally, nanowire

nanoscaled-Schottky junction
(NiS1/Si) was formed by above approach and
exhibits rectifying transport property. It is
that the

junction is very useful in many future

believed nanoscaled-Schottky



applications of nanoelectronics.
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