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Abstract: We present an experimental study of ultra-thin Sol-based nanostructures The systems have A van der

Pauw geometry, with a radius of 2 pm. The resistance per ~quare R- iS first analyzed in the temperature rangc
300 K 4 2 K, and for different conditions of back gate vo[tages (0 V< V~ < 4 V) The magnetore~istance was

measured at very low temperatures (10 mK < T< 900 mK), for magnetic fields -2500 G< B < 2500 G The

experimental results exhibit a negative magnetoresistance that we attnbute to quantum interference effect~ due to

time reversed electron paths and known as weak localization Fundamental propertie~ of the mAterial al low

temperatures such as the electron phase coherence length l~ the elastic mean free path I, and the mobility p arc ihcn

estimated throughout the obtained results

1,INTRODUCTION

Over the last 30 years, silicon-on-insulator (SOI) based devices have been widely studied, since they offer

the possibility of reduced capacitance effects, and thus allow a faster operation More recently ultra-thin

Sol layers have attracted much attention for implementing silicon quantum devices. A recent example is

the observation of Coulomb blockade, and the realization of a Single-Electron-Transistor (SET) operating

at 4 K [1,2]. However, in comparison to silicon bulk and GaAs based nanostructures, the fundamental

properties of nanoscale silicon structures are not completely understood, especially at low temperatures

In this work, we report low temperature measurements of electron transport in Sol-based

nartostructures, and under magnetic field (-2500 G <B <2500G) Specific attention has been given to

mesoscopic effects observed at very low temperatures in order to evaluate the characteristic lengths of the

material.

2.FABRICATION METHOD

We used n-doped silicon-on-insulator films, (100) surface oriented, and prepared with Unibond

Smartcut@ technology. Unlike SIAfOX prepared SOI, this technology ensure both single cry~tal quality

(no defect due oxygen implantation) [3] and a sharp silicon/buried oxide interface, as presented in Fig

The silicon layer was originally 200 nm thick, and the regions of interest were thinned down to 15

20 nm with a LOCOS process, for a buried oxide thickness of 100 nm The connexion pads were doped

with a dose of 2x10'~ cm'~ by implantation of 30 kev phosphorous. The SOI layer were implanted with

arsenic ions at 8 kev for a dose of 2x10'~ cm'~.

The active parts of the rtanostructures were realized using e-beam lithography and/or AFM

lithography The different steps of the process are
presented in Fig. 2. The lateral resolution vanes

between 15 rim and 80 rim
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3.ELECTRONTRANSPORTPROPERTIES

3.I Resistivity measurements

The measurements have been performed on van der Pauw structures with a radius of 2 pm (see inset Fig
4). We first measured the resistance of the structures at room temperature The van der Pauw geometry i~

well suited for the measurement of the resistance per square R of a conductor. R is related to two

characteristic resistances RA and RB throughout the equation [4]
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Figure I Schematics of the process steps used for the Figure 2: TEM photograph of a SIO~ / Si interfacc

rcal12ation ofthe Sol nanostructures. obtained with Unibond SmArtcut@ teLhnology

This equation can be solved numerically RA " (R21.34 + Rj~
43 + R43

21 + R34 ~j
and

RR
=

(R3~
41 + R~3 j4 + Rj4

23 + R41.32) take into account a possible asymmetry between contacts~ where the

resistance~ R,jki are obtained for a current injected between contacts t and j, and a voltage difference

measured between k and I. The numbering of the contacts is shown in the inset of Fig. 4.

At room temperature a sheet resistance of R~
m

1670 +100 Q is found, leading to a 3D resistiviiy of

p =
R Me =

2.5x10'~ Q-cm, where e =
15 nm is the thickness of the silicon layer We observed that the

measured resistances were independent of the configuration within a precision of 5 ~o, revealing a good
symmetry between the contacts. Subsequently, all the measurements were performed

in the ~ame

configuration, assuming that all configurations are equivalent, with R
=

Rj~
43 x i / In(2 ) j4]

3.2 Temperature dependence between 300 K and 4.2 K

The resistance per square as a function of the temperature was then measured between 300 K and 4 2 K A

back gate voltage Vg between 0 and 4 V was applied on the substrate The obtained results are pre~ented
in Fig 3. At Vg=0V, the resistivity continuously decreases between 300K and 100K At room

temperature R m2.9kQ at Vg =
0V is much higher than in the previous case where the gate was

floating To apply a back gate voltage dramatically modifies R~, which decreases at 300 K Between
300 K and loo K, R shows first an insulating behavior (I.e. the resistance increa~es when the temperature
decreases) followed by a metallic behavior when V~>0V. The maximum of the sheet resistance is

R
m

2.0 kQ at T ml 75 K for Vg =
2V, and R

m
1.7 kQ at T m120 K for Vg =

2V Between loo K and lo K

all the resistances have a similar constant value of Ri
#

1.6 kQ + 50 Q, independent of Vg.
Between 10 K and 4.2 K, all the resistances slightly increase. The behavior of the sheet resistance

when a back gate is applied is related to modifications of the mobility and of the electron den~ity with the

temperature. It can be associated to various scattering mechanisms and a freezing of the dopants that will

not be analyzed in detail in this paper j5]. Whatever is the back gate voltage~ the resistances vary weakly

jn the whole range of temperature showing no sign of divergence below lo K
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3.3 Magnetoresistance at very low temperatures

In order to investigate the ability of the material for quantum device operation, we measured the resi stance

at very low temperatures ( lo mK < T < I K) using a dilution fridge Fig. 4 presents the sheet resistance »

a function of the temperature. A significant increase of R up to 34 kQ is observed below K Fig 5

shows a typical magnetoresistance curve obtiuned at 400 mK. The measurements were carried out u~ing a

four-terminal scheme associated to a standard lock-in technique at 77 Hz, with low bias current~ 10 pA
nA) in order to avoid heating effects.
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Figure 3 Temperature dependence between 300 K and 4 K of the resistance measured in 2 pm x 2 pm SOT-ba~ed ~an dei

Pauw, and for back gate voltages between 0 and 4 V The insei shows the resistance of the same structure measured bei~een

10 mK and 900 mK

In the whole temperature range, a negative magnetoresistance is first observed at very low magnetic

fields (B < 300 G), followed by a weaker dependence for 1900 G> B> 300 G Above 1900 G, R remains

constant

4. DISCUSSION

The continuous increase observed in Rc at very low temperatures can be attributed to electron-electron

interactions and quantum interference phenomena that are usually observed in low dimensional

conductors j6]. This assumption is confirmed by the magnetoresistance. The observed behavior is

characteristic of weak localization which is caused by the interference of time-reversed electron

trajectories j?].
In the range of magnetic field 300 G < B < ]900 G, the magnetoresistance can be well described by

the standard 2D weak localization theory, using the electron phase coherence length [ as the only

adjustable parameter. This enabled us to evaluate ii as a function of temperature [ is found to be 90 nm

at 800 mK, and increases up to 140 nm at 20 mK. This point will be discussed in details el~ewhere

The amplitude and the shape and the low field peak (B<300G) could not be described by the

standard weak localization theory. The amplitude of the peak is strongly temperature dependent For thi;

range of magnetic fields, it can be possibly attributed to quantum interference effects This ob~ervation

needs to be clarified in the future

The transition to a constant value in the magnetoresistance above ]900 G can be explained by a

suppression of the weak localization corrections to the conductivity at lm
=

[8], where (,
=

fi
i~ the

magnetic length, and I is the elastic mean free path According to this observation, we evaluated the mean

free path
m

60 nm.
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The constant value observed in Rn(T) between lo K and 100 K can be explained by the classical

Drude model for conductivity in two dimensions [8]:

e~n
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r is the elastic relaxation time, ns is the electron concentration, p is the electron mobility, m*
i~ the

electron effective mass, and k/ is the Fermi wave vector. In the last equation, we have used the identity

n~ = k~
/~ [8]. Assuming that the system is two-dimensional, the sheet resistance was directly related to

the conductivity R
=

I/~r. Thus, we obtained
an estimation of k/m 2.7x10~ m~',

ns #
2 3x lo'~ cm~~, and

~ m
]700 cm~~/V.s. The values deduced for the mobility and the mean free path are particularly high for

such a structure, revealing a good quality material with few impurities. Such results would provide useful

information for the implementation of SOI-based quantum devices

5.CONCLUSION

Electron transport properties of ultra-thin SOI nanostructures with van der Pauw geometry having 2 pm
radius have been studied. The sheet resistance Rj was first measured at room temperature, and it~

dependence with the temperature was analyzed between 300 K and 4.2 K. Magnetotransport experiments

were then performed at very low temperatures (10mK-900mK) using a dilution fridge The
experimental curves exhibit a negative magnetoresistance that can be explained in terms of quantum

interference of electrons due to weak localization. An appropriate analysis of the results enabled us to

evaluate for the first time the electron phase coherence length Ii, the elastic mean free path I, and the

mobility p of the material at very low temperatures. The understanding of the fundamental propertie~ of
ultra-thin SOI layers is essential for the realization of nanoelectronics devices ~uch as single electron

transistors, and the results obtained in this work could be a first step towards new SOI-based quantum
devices.

References

I1 Ishikuro H and Hiramoto T, Appl. Phys. Lett. 71 (] 997) 3691-3693

j2j sakamoto T
,

Kawaura H. and Baba T
,

Jap. J. Appl. Phys 38 (] 999) 585 -5852



WOLTE 5 Pr3-I01

j3] see http.I/www.SOITEC cotn

[4] van der Pauw L. J., Philips Res. Repts. 13 (1958) 1-9.

[5] Ando T., Fowler A-B- and Stem F., Rev. Mod. Phys. 54 (1982), 437-672.

j6] Altshuler B-L- and Aronov A.G., Electron-Electron Interaction in Disordered Conductors, edited by
Efros A-L and Pollak M. (North Holland, Amsterdam, 1985) pp 1-153.

j7] Altshuler B.L., Khmel'nitzkii D., Larkin A-I-, and Lee P A., Phys. Rev. B 22 (1980) 5142-5153

j8] Beenaker C W.J. and van Houten H., Quantum transport in semiconductors nanostructures, in Solid

State Physics 44, edited by Ehrenreich H. and Tumbull D. (Academic Press, Boston, 1991) pp 1-228


