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Quantized Conductance of a Silicon Wire Fabricated Using SIMOX Technology

Y. Nakajima, Y. Takahashi, S. Horiguchi, K. Iwadate,
H. Namatsu, K. Kurihara, and M. Tabe

LSI Laboratories, Nippon Telegraph and Telephone Co., Ltd.
3-1, Morinosato Wakamiya, Atsug243-01, Japan

An ultra-fine silicon wire has been fabricated using the SIMOX (Separation by IMplanted
OXygen) technology, electron beam lithography, anisotropic chemical etching, and
thermal oxidation. The wire exhibits quantized conductance at 26K, while conductance
plateaus remain up to 60 K. This is attributed to the large subband energy spacing in a
naffow constriction successfully formed by using physical confinement with a high
potential SiO2 barrier.

A-4-1

MOSFETs with a nalrow wire fabricated on an n-type
(001) SIMOX wafer. The initial thickness (about 200
nm) of the top silicon layer of the SIMOX wafer was
reduced to about 50 nm by thermal oxidation at I100'C.
Source and drain (S-D) areas with a <ll0> directional
silicon wire were patterned by EB lithography (Fig.

1.. Introduction

Recent progress in semiconductor processing tech-
nology has enabled us to fabricate submicron-size de-
vices, and has reduced sample dimesionality. To over-
come the operational limits of silicon devices, quantum
phenomena, such as quantized conductance, in a quasi-
one-dimensional (lD) system have been studied exten-
sively.l-s1 Up to now, however, electron confinement
has been achieved mainly by electrostatic potential,
where the lD subband energy spacings are generally lim-
ited to several meV because of the shallow potential
profile formed by the fields using the gate.

In this work, we report the fabrication of a physi-
cally-confined silicon quantum wire on a SIMOX
(Separation by IMplanted OXygen),wafer and present
the results of conductance measurements at relatively
high temperatures. SIMOX is an excellent SOI (Silicon
On Insulator) fabrication technique due to its good ho-
mogeneity 6) of the thin silicon film on buried sio2.
Vertical confinement is automatically attained by using
the SOI structure. Horizontal confinement is attained
by electron beam (EB) lithography, anisotropic chemi-
cal etching, and thermal oxidation, which makes it pos-
sible to fully surround silicon wires with SiO2 having
smooth boundaries.

2. Fabrication Process

The devices used in this work, shown schematically
in Fig. l(a), are n+ polycrystalline silicon (poly-Si) gate
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Fig.l Schematic diagram of the device structure; (a)
cross section, (b) top viel, (c) expanded cross section
of the silicon wire. A silicon quantum tvire rvith a
trapezoidal cross-section is formed in the center of the
source and drain regions under the gate, shos'lr by the
circle in (b).
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Fig. 2 Cross sectional TEM photograph of the wire.

l(b)). After reactive ion etching of the SiO2 mask layer,

and anisotropic wet etching of silicon in KOH solution,
the size of the wire was measured by SEM and AFM.
Its minimum size was 30 nm in both width and length.

Subsequent thermal oxidation at 1000 "C yield a nar-
rower silicon wire with a trapezoidal cross-section sur-

rounded by SiO2 Gig. l(c)). A phosphorous-doped

poly-Si gate electrode was then formed on the wire,
followed by phosphorous-ion implantation into the sili-
con layer at the S-D regions at a doping concentration
of I x l02l cm-3 and annealing at 1000'C. The final size

of the wire used for the lD transport studies was typi-
cally 20*2 nm in width, 6+2 nm in height and 1001
l0 nm in length (along the current flow), as estimated

from the thermal oxidation rate.

Figure 2 shows a cross-sectional TEM photograph
of a long wire fabricated by the same KOH etching and

thermal oxidation process. This figure clarifies that an

ultra-fine (45-nm wide, 22-nm high, and 400-pm long)
wire with a trapezoidal cross-section and smooth

SilSiO2 boundary has been formed without any defects.

3. Experiments and Discussions

Two-terminal conductance was measured in a

cryostat system from 25 K to 100 K. For this, the drain
voltage was mainly set at 1 mV (<< kaT le in the pre-

sent temperature range).
Figure 3(a) shows the gate voltage Vs dependence

of the conductance at various temperatures. Plateaus in
the conductance can be seen at 26 K, and are still pre-
sent at 60 K. In measuring quantized conductance, a

subband energy separation of at least 3.5 knT is re-

quired to observe conductance plateaus.T) From
T:70 K where the steps almost disappear, we roughly
estimate the spacing to be * 20 meV for the two lowest
levels in the lD region. This is consistent with the

source-drain voltage Vsd dependence of the conduc-
tance shown in Fig. 3(b), because the steps disappear at
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Fig. 3 Gate voltage Zg dependence of the experimental
conductance at various (a) temperafures and (b) source-

drain voltages. The curves are offset vertically for clarity.

100 meV, at which point voltage across the wire region

is 15-20 meV. These results confirm that large energy

spacing is realized in this physically-confined silicon
wire.

If no backscattering occurs in the quantum wire, the
wire conductance G* is given by the Landauer for-
mula,8) Gn: grguN(ez f lr1 , *t "re 

g" and g, are the

spin degeneracy and valley degeneracy, respectively,
and N (integer) is the channel number. In our <110>

directional silicon wire system, a steplike increase in the

conductance with spacings of +e2f h (g": gr,:2) or

tez f n (g" = 2, sr, :4), depending on the cross-sec-

tional shape, is expected as the number of occupied lD
subbands increases. The quantized steps in Fig. 3, how-

ever, are about 0.6 ,zfh b""ause the parasitic series
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Fig. 4 The wire conductance G, as a function of gate
voltage Zs. Series resistance G"-l was subtracted.

resistance of our device significantly reduces the total
conductance. The measured conductance Ge4p is :

G;:p = G*t *G"-t , (1)

where G is the conductance of the parasitic series re-
sistance which is produced in S-D regions and non-
phosphorus-ion-implanted silicon regions adjacent to
the wire under the gate. since the present fabrication
process makes the s-D regions very thin with almost
the same silicon thickness as in the wire region, large
parasitic resistance and quantized resistance c-oexist.

To estimat. G"-1, we measured the conductance of a
two-dimensional (2D) silicon MOSFET without a wire
fabricated on the same wafer. The conductance of the
2D MOSFET Go was reasonably Go = a(Vs-Vttt), for
a small drain voltage. Figure 4 shows the vg depend-
ence of the wire conductance Gv at 2g K obtain;d by
subtracting Gr-l (- (a,(Vs-V,tt,1y-r) from G;| in Eq.
(l). a' and V'th of Gfl were used as fitting parameters
for Eq. (1). The plateaus in the conductance at multi-
ples of -qe2lh are shown in Fig. 4. In this procedure,
the fitted value of v'h was about z v larger than vtr,,
while the fitted a' was almost the samelalue as CI,.
This discrepancy between G and Go may be related to
carrier trapping at the silsio2 boundary, or wide-nar-
row (wire)-wide stftrctural eftcts on parasitic resis-
tance. Funh€r investigation is needed to understand the
physical meaning of tfiis necessitat edVtr, shift.

we also rreasured an conductance of the ultimately-
fine wire (18 t 2-nmwide, 5 +2-nm high and 60 + l0-
nm long), the smallest among our samples. As seen in

vo V)

Fig. 5 Gate voltage Zg dependence of the experimental
conductance of the most ultra-fine wire in this work. The
curves are offset vertically for clarity.

Iig. l, though huge parasitic resistance (:250frg)
significantly suppresses conductance, the steplike
structure remains up to *,100 K.

4. Conclusion

we have fabricated a silicon wire on a sIMoX wafer.
tn th;l wire, quantized conductance steps were ob-
served at 26 K, and remained up to 60 K, the highest
temperature ever reported for silicon lD systemr. ia.ge
subband energy spacing has been realized by physical
confinement with a high-pbtential SiO2 barriei.
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