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In this paper, we examine carrier transport mechanisms in Silicon-on-Insulator (SOI) structures, containing InSh
nanoparticles in SiO- layer, before and after annealing at 1273 K. The comparison of temperature dependences of
current-voltage (I-V) characteristics allowed us to determine the mechanisms of carrier transport (hopping and zone-
like) in this nanostructures and estimate some transport parameters in the temperature range of 2-300 K. The meas-
urements have confirmed the presence of Fouler-Nordheim and hopping mechanism contributions into low-
temperature 1-V characteristics of the studied SOI structures.
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Introduction charge carrier transport between NPs [14,
To produce different functional elements 15].
on the overall silicon platform with the in- InSb nanocrystals, embedded into SiO>
creased integral circuits (IC) operation rate, layers, being important materials for modern
many of hybrid structures are developed. electronics and optoelectronics, can be
Among them, the nano dimensional AsBs formed using ion-beam techniques [4,5]. An
compound crystals combined with a well es- additional influencing technological factor
tablished Si-based technology are proposed for manufacturing of such devices is post-
to attain these objectives [1-6]. Among all implantation annealing as well, which causes
As3Bs compounds, direct energy band struc- changes both in crystalline and band struc-
ture of InSb and high values of electron and ture of the formed phases [6].
hole mobilities (80,000 and 1250 cm?/ Vs, Therefore, InSb can be considered as an
respectively) provides its suitability to the alternative materials when creating hybrid
increasing IC operation rate [3] and high thin-film silicon-based structures. However,
quantum efficiency that allows the applica- compared to other semiconductor materials,
bility of this compound in optoelectronics. there is not so much literature data on the
These nanocrystals are ideal objects for de- carrier transport in InSh-NPs/SiO2 based
tecting a quantum-size effects due to very thin-film nanostructures. So, the purpose of
small values of the effective masses of this paper to present the results of carrier
charge carriers (0.015m, for electrons and transport mechanisms depending on tempera-
and 0.39m, for holes) as well as spin-orbital ture and structural peculiarities of the modi-
splitting [7-9]. fied SiO; layers with buried InSb NPs in Sili-
The silicon dioxide dielectric constant con-on-Insulator (SOI) nanostructures which
modification by the incorporation of InSn are responsible for their striking electronic
nanocrystals (NPs) is very important for the properties.
design of memory devices, as well as for
modeling the gate dielectric characteristics Experimental
[10-12]. These NPs incorporated into a die- In this paper we study carrier transport
lectric matrix should exhibit specific cur- properties in SOI structures containing InSb
rent-voltage (I-V) characteristics as well NPs in the buried SiO: layer were produced
due to particular tunneling mechanisms of by the DeleCut technology described in [16].
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They were manufactured using 300 nm thick
silica layer, which was grown by heating a p-
type (100) silicon wafer with 100 mm diame-
ter, in which In* and Sb* ions were implanted
with energies of 200 keV in doses of
8x10%° cm? (Fig. 1). We have studied both
initial (pristine) samples after implantation
and samples subjected to post-implantation
annealing in an atmosphere of N> at the tem-
peratures Ta= 1273 K for 30 minutes. Details
of manufacturing and annealing procedures
as well as the structural properties of SOI
samples are presented in [5, 6].

The current-voltage (I-V) characteristics
of the modified SiO; layers were measured
on samples 2x3 mm? in size as a function of
the temperature that was ranged from 30 K to
300 K using a close-cycle Cryogen-Free
Measuring System (CFMS, Cryogenic Ltd.,
London). For this purpose, the 50 mm thick
Al foils were spark welded on rear and front
sides of the as-implanted and annealed sam-
ples. Then, indium contacts with copper
wires 0.1 mm in diameter were attached to
aluminum by ultrasonic soldering. Then
these wires were soldered to the gold-plated
electrical contacts of a special measuring
cell. The cell with the sample was inserted
into a special measuring probe, which was
placed in a cryostat and connected to the
measuring circuit. The measurement details
were described in [13].

Results and discussion

Examples of the experimentally measured
temperature dependences of the transversal
I-V characteristics in the implanted and an-
nealed samples are shown in Fig. 1. As can
be seen, the | — V characteristics of both
samples are asymmetric and after annealing
have no hysteresis practically. In addition, at
the same applied bias voltages U, slightly
less currents flow through the initial (un-
annealed) sample than those of the annealed
one, which indicates more low-Ohmic behav-
iour of the latter. This fact can be associated
with the shunting effect of InSb nanoparticles
inside the dielectric layer of SiO; (since the
resistance of InSb is obviously lower than

that of silicon oxide, including due to disor-
dering of silicon oxide by implantation.
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Fig. 1. I-V characteristics of the pristine (a) and an-
nealed (b) samples at different temperatures T, K:
1-30;2-50;3-75;4-100;5 -125; 6 - 150; 7 - 175;
8 - 200; 9 - 225; 10 - 250; 11 - 275; 12 - 300

To reveal the mechanisms of carrier
transport in the studied samples, the experi-
mental I-V characteristics in the form of de-
pendences of current | (current density J) on
bias voltage U (electric field strength E) and
temperature T were rearranged in coordinates
corresponding to different models of carrier
transport for metal-insulator-semiconductor
structures, which would give linearization in
any range of temperatures and (or) electric
field strengths.

As can be seen from Fig. 1a, for an unan-
nealed sample in weak electric fields, the ex-
perimental 1-V characteristics are well line-
arized in Arrhenius coordinates log (U=
const) - (1/T) at low temperatures, while for
the annealed sample in Fig. 1b, such lineari-
zation of the curves is not observed.

At the same time, as follows from Fig. 2,
linearization in the coordinates log (J/E?) -
(1/E) takes place in strong electric fields.

In accordance with the Fowler-Northheim
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Fig. 2. Temperature dependences of the 1-V character-
istics of the pristine (a) and annealed (b) samples at
different bias voltages U, V: 1-0.5;2-1.0;3-5.0; 4
-10.0,5-15.0; 6 - 20.0

this case, as can be seen from the comparison
of Fig. 2a and 2b, the current density in
which this linearization manifests itself in the
annealed sample strongly depends on tem-
perature, in contrast to the initial (un-
annealed) ones.

model [17], if the strong field criterion is sat-
isfied, eE > g, that is, at (5-7)-10° B/cwm, the
described behavior of the 1-V characteristic
corresponds to tunneling of charge carriers
between InSb nanoparticles and is described
by the relation

JV,T) = 1.54x 105 exp (—6.7 x 106“*%“2)

" 1)
This behavior means that, after annealing, the
tunneling current in the investigated tempera-
ture range is significantly higher than that of
an unannealed sample. Within the framework
of this model (1), it is possible to determine
the activation energy (in fact, the barrier
height o) corresponding to the 1-V charac-
teristic curves in Fig. 2. The estimates have
shown that the barrier height of the initial

SOI structure (before annealing) is signifi-
cantly higher than in the annealed sample,
however, in both cases, it slightly decreases
with increasing temperature in the region of
30 < T <300 K: from 154 meV to 131 meV
after implantation and from 106 meV to 99
meV for the sample after annealing.
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Fig. 3. Electric field dependences of the 1-V charac-
teristics of the initial (a) and annealed (b) samples at
different temperatures T, K: 1 - 30; 2-50; 3-75;4 -
100; 5 - 125; 6 - 150; 7 - 175; 8 - 200; 9 - 225; 10-250;
11 - 275; 12 - 300

The estimates made allow us to explain
the important feature of the described above
behavior of I1-V characteristics: after the
formation of InSb nanoparticles in the buried
SiO2 layer due to annealing of SOI structures
I-V characteristics becomes to be changed
significantly weaker with temperature. This
can be explained by two reasons. The first of
them consists in the aforementioned shunting
effect of InSb nanoparticles, which form a
second (parallel) channel of electrical trans-
fer in the dielectric matrix due to the smaller,
than that of silicon oxide, the band gap of
indium antimonide. The second reason is due
to the strong disordering of the implanted
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silicon oxide layer prior to annealing.

On the whole, as can be seen from the fig-
ures presented and follows from the esti-
mates made, the difference in the 1-V charac-
teristics of annealed and un-annealed samples
is manifested mainly in weak electric fields
(when the Fowler-Northheim model is not
working). In strong fields, the |-V character-
istics are determined, first of all, by the struc-
tural state of the silicon oxide layer, and the
presence of InSb particles plays a lesser role.
It can also be expected that, in the samples of
un-annealed SOI structures, a certain role in
the formation of the 1-V characteristic can
play the hopping of electrons by the localized
states that have arisen as a result of implanta-
tion. However, this issue requires additional
research.

Resume

Based on the study of the temperature de-
pendences of I-Vs in un-annealed and an-
nealed at 1273 K SOI structures, it shows
that in the temperature range of 30 - 300 K in
strong electric fields, electric transport is re-
alized by the Fowler-Nordheim tunneling
mechanism. The estimates of the barrier
heights ¢., conducted within the framework
of the model (1) in the temperature range of
30 - 300 K, gives the values 130 < ¢ < 150
meV for the initial and 99 < @, < 110 meV
for the annealed samples.
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