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Abstract— In this paper, we compare the evolution with temperature of the experimental characteristics of 

Nanonet-based Field-Effect Transistors, with a modelling of carrier transport in the percolating regime. The 

main electrical parameters of Nanonet-based Field-Effect Transistors that featured different nanowire densities 

and source-drain distances were extracted from static measurements at different temperatures. The temperature 

dependence of low field mobility and threshold voltage was explained by the temperature activated behaviour of 

inter-nanowire junctions, and the activation energy dispersion of individual junctions. A Monte-Carlo 

simulation of Nanonet FET in the shape of a random percolating network of resistances and thermally activated 

junctions was used to confirm the influence of activation energy dispersion on low field mobility. The simplest 

model which was able to capture experimental trends consisted in a bimodal distribution of activation energies, 

with a subset of non-thermally activated junctions (resistive junctions) while other junctions were thermally 

activated (energy barriers at the junctions).  

Random network; silicon nanowire; electronic transport; compact model; percolation; energy barrier; Monte-

Carlo simulation; low temperature 

1. INTRODUCTION 

Nanonet (NN) is a random network of nanowires (NWs). Because Si-NN is made of Si-NWs, an important sensitivity 

to surface charges is expected, which can be used for sensing applications.[1] In addition, contrary to NW FET [1,2] 

and GAA FET [3, 4, 5], Si-NN Field Effect Transistor (FET) can be fabricated without requirement of high-resolution 

lithography techniques or elaborated process technology.[6]  Furthermore, Si-NNs can be transferred on any kind of 
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substrate, which make them perfectly suitable to the 3D integration of sensors, with direct vertical wiring to the CMOS 

conditioning and readout electrics, or to an integration on flexible substrates.[7] The first NN structures have been made 

with other materials than silicon, for example carbon nanotubes (CNT)[8, 9]  and ZnO nanowires.[10]  These structures, 

especially CNT NN-FETs have been deeply studied with static, RF measurements[11] and low frequency noise 

measurements.[12] However, some characteristics of the CNT-based nanonets make them quite different from the 

silicon based nanonets. One important feature of the former comes from the respective roles of metallic and 

semiconducting CNTs on transport.[13]  Moreover, the contacts between CNTs have rather been modelled with 

Variable Range Hopping.[14] Conduction through a ZnO nanonet has been recently studied for chemiresistive detection 

applications with a focus on the analysis of the Id-Vd characteristic under the influence of barrier height modification at 

nanowire-nanowire junctions.[15] 

Until recently, the main technological roadblock to the fabrication of Si-NN FETs has been the presence of non-

conductive junctions between Si-NWs, due to the presence of native silicon dioxide layer at their interface.[6] For this 

reason, Si-NN was known to be insulating for channel lengths larger than NW length.[6] As a result, Si-NN FETs have 

been mainly used in devices featuring a maximal channel length close to the length of a single NW. For the same reason, 

there has not been yet deep studies of the transport through a random network of silicon nanowires, nor measurement 

of the electrical characteristics of the junctions. The detrimental effect of the native oxide at the junctions has been 

lately solved with a sintering at low temperature, compatible with CMOS integration[16], leading to the first integration 

of Si NN. in a back gated transistor architecture.[17] This Si-NN FET has been extensively characterized through static 

measurements. It has been shown that a combination of percolation and dispersion effects was required to understand 

the dependence of static characteristics with channel length and with the density of nanowires in the nanonet. Especially, 

it has been explained how nanowires threshold voltage dispersion explains the variation of subthreshold slope and 

threshold voltage of the NN FET with geometry and NW density.[18]  Si-NN FET has been then modelled as a NW 

network with a random dispersion of threshold voltage.[19] More recently, Si-NN FETs have been characterized 

through low frequency noise measurements.[20] In this paper, Si-NN FET were characterized through static electrical 

measurements at different temperatures. Experimentally, we found that ON-current and mobility were varying with 

temperature in significantly different ways, depending on channel length and nanowire density. These trends cannot be 



explained without assuming that there is a potential barrier at the interface of at least some NW/NW junctions. In this 

paper, the understanding of this behaviour is assessed with the help of Monte-Carlo simulations of Si-NN where inter-

nanowire junction resistance is accounted for. Our aim here is not to provide a fit to experimental results but to identify 

the origin of the observed trends.  

2. FABRICATION 

The process of Si-NN fabrication and their integration into back gate field effect transistor has been described 

elsewhere.[21, 22, 23] The NNs used in this study (Fig.1-(a)) were self-assembled from Si-NWs grown by Vapor Liquid 

Solid chemical vapor deposition. NW length and diameter were respectively 7 µm ± 3 µm and 40 nm ± 7 nm. NNs can 

be fabricated with different NW densities.[24] For this paper, several NNs were fabricated with 4 different values of 

nanowire density dWires (from 0.28 NWs.µm-2 to 0.65 NWs.µm-2). They were then transferred on a Si / Si3N4 wafer. This 

material was chosen instead of the more commonly used SiO2 for technological reason. Indeed, junction sintering is 

prepared by the removal of the native oxide surrounding the nanowires by an HF-based Buffered Oxide Etching (BOE) 

step which would remove the back-gate oxide and short-circuit gate and channel. Thermal annealing at 400 °C was 

performed to improve electronic transport through the network, by means of NW-NW junctions sintering.[16, 21] Then, 

Si-NNs were passivated with a 8 nm thick Al2O3 layer using Atomic Layer Deposition[22] and finally contacted by 

Ni/Au metal pads using a lift-off technique associated with local removal of Si3N4 by HF treatment in contact pad 

openings. Field-effect control was obtained by using the Si / (200nm) Si3N4 substrate as a back gate. Finally, a last 

thermal annealing at 400 °C was realized to promote silicide formation at the interface between Si NWs and metal 

contact pads.[21] Several device geometries were available with Source-Drain distance Lmask ranging from 5 µm to 

1000 µm and a constant pad width Wmask = 200 µm (Fig.1-(b)). 



 

Figure 1. (a) SEM image of a nanonet made of VLS grown Si-Nanowires after passivation step [22]. (b) Top view 

SEM image of the fabricated devices [18] 

 

3. EXPERIMENTAL PROTOCOL AND RESULTS 

NN FETs were characterized using a Süsstec cryogenic probe station, where temperature could be varied between 80 K 

and 400 K. An HP 4155A semiconductor parameter analyzer was used to measure drain current (Id) as a function of the 

voltage applied on the backgate (Vg) with the source contact linked to the ground and a constant voltage (Vd = -4 V or 

Vd = -9 V) applied to drain. Figs.2-(a) and 2-(c) show typical transfer characteristics of two devices (with Lmask = 5 µm 

and Lmask = 50 µm, respectively) for different temperatures for the smallest studied density (0.28 NWs.µm-2). Figs.2-

(b), 2-(d) and 2-(e) are plotting transfer characteristics of three devices (with Lmask = 5 µm, Lmask = 50 µm and 

Lmask = 1000 µm respectively) for different temperatures for the largest studied density (0.65 NWs.µm-2).  An increase 

of drain current with density is visible at constant temperature and constant source-drain distance, which can be 

explained by the increase of the number of paths bridging source and drain. This increase has been explained in [18] 

for Si-NN FET and is a well-known result for metallic nanonets [25] and CNT NN FETs.[9] This variation is nonlinear 

and can be modelled with a power law using percolation theory for a 2D stick network.[26] However the detailed 

analysis of this dependence would require more statistical measurements and is outside the scope of this paper. Short 

devices (Lmask = 5 µm) have a S-D distance smaller than NW length (7 µm) and the channel consisted essentially in 

NWs linking directly S and D, with negligible role of NW-NW junctions. In contrast, with a S-D distance (Lmask = 50 µm 

or Lmask = 1000 µm) much larger than the average NW length (7 µm), the percolating conduction paths between source 

and drain involved several NWs, connected by sintered NW-NW junctions, in series. Comparison of Fig.2-(a) with 

Fig.2-(c) reveals that the transfer characteristics dependence with temperature was strongly influenced by source drain 



distance. The same trend was found with a larger density (compare Figs.2-(b), 2-(d) and 2-(e)). Moreover, comparison 

of Fig.2-(a) with Fig.2-(b) shows that the temperature dependence of the transfer characteristics varied with NW density: 

temperature influence decreased when density increased.  

 Nanowire density dWires = 0.28 NWs.µm-2 Nanowire density dWires = 0.65 NWs.µm-2 
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Figure 2. Typical gate characteristics obtained at different temperatures for NN FETs featuring different nanowire density and 
channel length values. Nanowire density is equal to dWires = 0.28 NWs.µm-2 in the left hand side column and dWires = 0.65 NWs.µm-2 
in the right hand side column. Channel length Lmask increases from 5 µm (1st line) to 50 µm (2nd line) and 1000 µm (3rd line). Drain 
voltage value is Vd = -4 V for dWires = 0.28 NWs.µm-2 and Vd = -9 V for dWires = 0.65 NWs.µm-2.  

 

These curves were used to extract the main electrical parameters such as low field mobility µ0, subthreshold slope 

ideality factor n and threshold voltage Vth. Extraction was performed in most cases by fitting the experimental curves 

with a Lambert W function.[27, 28, 29] In the few cases when the threshold voltage was out of the measurement 

window, we used instead a Y-function based model for µ0 and Vth extraction. This was the case only for devices with 

0.65 NWs.µm-2 and Lmask = 5 µm. The value of µ0 was obtained using Wmask and Lmask as channel width and length, 

respectively. This provided an apparent low field mobility value suitable for compact modelling. Because physical 

width is smaller than Wmask, the extracted µ0 is smaller than the physical mobility. This does not prevent variations to 

be analysed. Measurements were carried out on up to 5 devices of identical geometry for each value of Lmask and dWires. 

In the following, we will in general show the results obtained for these identical devices, in order to keep the information 

about variability. 

4. DISCUSSION 

A. Extraction of activation energy  

In short channel devices (Lmask = 5 µm), conduction paths are mainly made of nanowires which connect directly source 

and drain. The temperature variation of mobility can thus be considered as indicative of transport mechanisms in the 

nanowires. In contrast, with channel lengths much longer than mean nanowire length (which is the case with 
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Lmask = 50 µm), current flows through a network of nanowires connected by inter-nanowire junctions. It is important to 

understand the role of these junctions in the percolating regime. This may allow getting some insight on their quality 

by proper analysis of experimental trends. 

Fig.3 compares the temperature dependence of µ0 obtained for Lmask = 5 µm and Lmask = 50 µm, for a NW density 

dWires = 0.28 NWs.µm-2. For Lmask = 5 µm, µ0 remained mostly constant or decreased slightly at low temperature, 

showing that the freezing of phonon scattering is screened and that scattering by defects is the prevailing scattering 

mechanism.[30] In contrast, it was observed that µ0 decreased as temperature decreased for long channel devices 

(Lmask = 50 µm) operating in the percolating regime, with inter-nanowire junctions present along the conduction paths. 

This trend could in principle be consistent with the presence of energy barrier heights at the junctions and it is the aim 

of this paper to understand to which extent this is the case.  

 

Figure 3. Effective low field mobility as a function of temperature for a NW density of 0.28 NWs.µm-2. Full symbols correspond 
to short devices (Lmask = 5 µm), while empty symbols correspond to long devices (Lmask = 50 µm).  

 

With a higher density of nanowires (dWires = 0.65 NWs.µm-2) and short channel devices (L = 5 µm), similar temperature 

dependence of µ0 was observed as µ0 remained almost independent of temperature  (plots obtained for Lmask = 5 µm in 

Fig.4). However this remained the case even with channels as long as 50 µm (plots for Lmask = 50 µm in Fig.4). Thermal 

activation was recovered only for much longer devices (as shown in Fig.5, with dWires = 0.65 NWs.µm-2 and 

Lmask = 1000 µm).  



Altogether, the variation of µ0 with temperature was more important when Lmask increased and dWires decreased.  

 

 

Figure 4. Effective low field mobility as a function of temperature for a NW density of 0.65 NWs.µm-2. Full symbols correspond 

to short devices (Lmask = 5 µm), while empty symbols correspond to long devices (Lmask = 50 µm). 

 

Figure 5. Effective low field mobility as a function of temperature for a NW density of 0.65 NWs.µm-2, and for a source-drain 
distance Lmask = 1000 µm.  

 

Fig.6 plots the temperature dependence of Vth for Lmask = 50 µm and two different values of density, with Vth becoming 

more positive with temperature increase.  



 

Figure 6. Threshold Voltage Vth as a function of temperature for Lmask = 50 µm and two values of dWires. Filled symbols are for 

dWires = 0.28 nanowires.µm-2 and empty symbols are for dWires = 0.65 nanowires.µm-2. The lines are only guides for the eyes.  
 

B. Extraction of the thermal activation energy of µ0 

We assumed that the difference in the temperature dependence of long channel devices, with respect to short channel 

devices, is related to the presence of inter-nanowire junctions along the channel. As a first approximation, the junctions 

were considered as potential barriers with height Ea, as usually done for grain boundaries.  

A typical model for taking account of mobility temperature dependence, where current is controlled by a single barrier 

would be of the form: 

 µ0 = K exp(- qEa / kbT) (1) 

In this equation, K is a constant, kb the Boltzmann constant, q the electron charge in absolute value and T the 

temperature. The thermal activation energy Ea (in eV) can be extracted from the slope of an Arrhenius plot of µ0 (semi-

log plot as a function of 1/T). To first order it is equal to the energy barrier height and provides thus a very interesting 

insight into the governing mechanisms of current conduction in the device. 

Fig.7 shows the Arrhenius plot of µ0 for one device with Lmask = 50 µm and dWires = 0.28 nanowires.µm-2. From this 

plot, it is possible to extract a mean value of the activation energy Ea_F, describing the overall variation over the range 

of temperatures from 80 K to 200 K. For the device of  Fig.7, Ea_F = 24 meV.  

 



 

Figure 7. µ0 as a function of reciprocal temperature for one device with Lmask = 50 µm and dWires = 0.28 nanowires.µm-2. Square 
symbols are for experimental data. Red line (resp. green line) are obtained by fit of experimental data with the equation (1) for 
the range of temperature from 80 K to 100 K (resp. 200 K to 250 K). Black line is obtained by a fit of experimental data with 
equation (1) for the range of temperatures from 80 K to 200 K. 

 

Fig.8 shows Ea_F as a function of dWires for different values of Lmask. Ea_F decreased with dWires and globally increased 

with Lmask.  

 

Figure 8. Activation energy Ea_F function of the nanowire density for different values of Lmask (extracted as from solid line in Fig.7) 

 

However, the experimental Arrhenius plots did not show a linear trend on the whole range of temperatures. In the 

example of Fig.7, the activation energy extracted at low temperature is much lower than that extracted between 200 K 

and 250 K. To explain such a trend, it is necessary to assume that energy barrier height shows some variability from 

one junction to another.  

 

5 10 15
10

-4

10
-3

10
-2

 experimental

constant E
a
 model:

 E
a_F

 = 24 meV

 E
a_small

 = 15 meV

 E
a_high

 = 59 meV

 

A
p

p
a
re

n
t 

lo
w

 f
ie

ld
 m

o
b

il
it

y

µ
0
 (

c
m

2
.V

-1
.s

-1
)

1000/ Temperature (K
-1
)



C. Activation energy dispersion  

 

Activation energy dispersion can be explained by local variability of junction sintering. The influence of dispersion has 

been tentatively explained in [31] with an ideal model made of an infinity of junctions in parallel with a Gaussian 

distribution for the energy barrier at individual junctions. However this model is not general, nor would be a model with 

only junctions in series, as a real nanonet normally involves a mixture of series and parallel paths. For qualitative 

analysis we will discuss Ea_F variations while full simulation will be provided in next section.  

On Fig.8, Ea_F decreases with dWires and increases with Lmask. Fig.9-(a) shows an ideal case where electrons can only 

pass through one conduction path made of nanowires in series. This ideal case can be only obtained for a small dWires 

(or a long Lmask). If there is a dispersion of Ea for individual junctions, Ea_path, activation energy of the path, will be equal 

to the maximum of Ea involved in the path. If dWires increases (or Lmask decreases), parallel conduction paths will be 

formed between source and drain (Fig.9-(b)). In this case, activation energy of the nanonet can only decrease, if one of 

the parallel paths has an activation energy smaller than Ea_path.  

 

Figure 9. a) Schematic of the ideal conduction path obtained for small dWires. In this case, activation energy of the path is the one 
of the junctions involved in the path with the higher value of activation energy. b) dWires increases. In this case, activation energy 
of the network can be only inferior to the one of the figure a). A decrease in Lmask has a similar effect, with the predominance of 
single conductive path for long Lmask, and of parallel paths for short Lmask. 

 

On Fig.6, Vth increases with temperature increase. For classical structure of FETs, this result is known and is linked to 

a variation of surface potential.[32] But this variation is not visible for devices with Lmask = 5 µm, so there is probably 

a supplementary contribution due to the junctions. Because of Ea dispersion for individual junctions, there is a variation 

of electrically active density with temperature (some insulating junctions becoming more conductive as temperature 

increases). Based on [18] it is known than an increase of the density will lead to a more positive Vth, if there is a 



dispersion of Vth for individual nanowires. To summarize, an increase of the temperature will lead to an increase of the 

electrically active area, and thus to a more positive Vth. 

In conclusion, taking account of an activation energy dispersion for individual junctions could explain the temperature 

dependence of µ0 and Vth and the variations of Ea_F with dWires and Lmask. However there is no simple model to confirm 

this qualitative description. A Monte-Carlo simulation of NN FET mobility as a function of temperature was thus 

performed in order to evaluate the influence of junction barrier heights and of their dispersion. 

D. NN FET mobility Monte Carlo simulation for different temperatures 

 

This simulation was based on the temperature dependent model of nanowires and junctions, based on experimental 

results.  

Junctions are considered as temperature dependent resistance, which vary following Equation (2): 

 Gjunction_i = G0 exp(-Ea_i / kbT) (2) 

In this equation Gjunction_i is the conductance of the junction i and Ea_i activation energy of the junction i. Ea_i will be 

randomly generated according to the chosen density of probability. The value of G0 was chosen so as to have a good 

order of magnitude for junction resistance, close to 10 MΩ at 300 K. For simplicity, threshold voltage dispersion for 

individual nanowires is not taken in account in the model. For a chosen Vg, all the nanowires of the nanonet were 

considered to have the same conductivity, the temperature dependence of which was neglected based on the temperature 

dependence found in short channel devices (“nanowires in parallel” regime). 

Several nanonet structures were built, for each geometry (given values of Source-Drain distance Lmask and pad width 

Wmask), by randomly generating a number NNW of nanowires defined by the position of their centre (2D coordinates x0i 

and y0i) and their angle (θi) with respect to horizontal axis (taken along source-drain direction). The junctions between 

the nanowires were located. Then, a Kirchhoff matrix of conductance was filled, using the above mentioned models for 

nanowire segments and inter-nanowire junctions A similar matrix filling technique has been used for the study of 

junction dispersion and structural parameter influence on CNT-network conductance, however with a temperature 

independent purely resistive model for the junctions.[33] Finally, this matrix was used to obtain the NN FET 

conductivity between source and drain. The current was calculated for a large negative gate voltage (ON-current Ion). 



Here, low field mobility is proportional to Ion since threshold voltage dispersion was neglected so that we will discuss 

indifferently Ion and µ0 variations.[18] In the next part, different densities of probability were tested for activation energy 

dispersion. 

1) Gaussian dispersion 
 

As a first assumption, activation energy dispersion was modelled as a Gaussian distribution with a mean value Ea0 and 

a standard deviation σEa. Fig.10 shows the temperature dependence of Ion for Lmask = 30 µm and dWires = 0.13 NW.µm-2 

and two Gaussian distribution functions, one with Ea0 = 120 meV and σEa = 40 meV and the other one with 

Ea0 = 120 meV and σEa = 20 meV.  

 

Figure 10. Ion simulated value for Vg = -20 V function of the invert of the temperature for 2 different distributions of Ea 

(Ea0 = 120 meV and σEa = 40 meV in black and Ea0 = 120 meV and σEa = 20 meV in red), for Lmask = 30 µm and 
dWires = 0.13 nanowires.µm-2. 5 realizations are plotted for each distribution. Dotted lines correspond to the linear fit mean values. 

For a Gaussian dispersion of activation energy, Ion varied linearly with the inverse of temperature. The extracted Ea_F 

was closed to Ea0. Increase of σEa lead to a small decrease of Ea_F. 

This figure does not fit the experimental data showed on Fig.7. This can be due to the characteristics of the Gaussian 

distribution. Indeed, to keep some physical meaning, it had to be truncated to zero. If the standard deviation is not small 

enough compared to the mean value, this process generates a large number of null barrier height values, which would 

drive the distribution far from a strictly speaking Gaussian one. It was thus necessary to keep σEa small enough compared 

to Ea0. However, in this case, the amount of very small barrier heights is small and the chance to get a path that can 



connect source and drain through such low barrier height junctions runs towards zero. This explains why the plateau at 

low temperature is not observed in the Arrhenius plot of Id in the frame of this assumption. 

2) Bimodal dispersion 
 

In order to explain experimental results, we formulated another hypothesis, where activation energies would be 

distributed along a bimodal function, with 2 families of inter-nanowire junctions in the network. The presence of several 

families is not unconceivable as the quality of the sintering process may be non-uniform, depending on several 

parameters such as nanowire diameter, native oxide thickness and removal efficiency, among others. We retained the 

simplest picture where good sintering would be obtained in some places while a residual barrier would remain 

elsewhere.  

In order to test this assumption against experimental trends, our Monte-Carlo simulations are now assuming that there 

is no energy barrier for a fraction of the inter-nanowire junctions while, for the remaining junctions, there is an energy 

barrier which follows a Gaussian law. The parameter P0 refers to the fraction of junctions with a zero value of Ea. P0 

can vary between 0 % (all the junctions in the network have an activation energy which follows the Gaussian law) and 

100 % (all energy barriers at inter-nanowire junctions are equal to 0 eV). 

The operation mechanism is schematically described in Fig.11. In this figure, the black dots represent the junctions 

which feature an energy barrier. At low temperature, the conduction paths which involve these junctions are blocked 

and the only conducting paths are those which involve purely resistive junctions (no energy barrier). Current flows 

through the sub-network of nanowires connected by such junctions and a plateau with low activation energy is seen. If 

P0 is too small or if the nanowire density is too low, there is a risk that this sub-network is below the percolation 

threshold and the low activation regime is not seen. At higher temperature, the other junctions start to be conductive 

and current can flow through the whole network, with a hierarchy of conducting paths which can be completely different 

from what it is at low temperature.  

 



 

Figure 11. Schematic representation of the conduction paths across an NN FET as a function of temperature under the assumption 
that there is an energy barrier at the interface of some of the inter-nanowire junctions (marked with black dots) while the other 
ones have no energy barrier. The red lines are conductive paths, black lines are insulating, blue and green lines are highly resistive 
paths. At low temperature, current can flow only through the small number of conductive paths that involve nanowires separated 
from each other by purely resistive junctions (no energy barrier). As temperature increases, the junctions with small values of Ea 
become more conductive and current can flow through additional paths that involve junctions with small and large values of Ea. 
There is an increase of the electrically active density of nanowires with the temperature, without a change of the physical density 
of nanowires.  

 

We started the analysis by studying the influence of P0 on the temperature dependence of Ion (Figure 12). Five different 

random realizations were drawn by lot with the same channel length and nanowire density (Lmask = 30 µm and 

dWires = 0.13 nanowires.µm-2). They are differentiated by curve colours in the plots of Figure 12. The parameters of the 

junctions were then chosen randomly, with several values of P0 and the same Gaussian distribution for temperature 

activated junctions (Ea0 = 60 meV and σEa = 10 meV).  



 

Figure 12. Id simulated value for Vg = -20 V function of the invert of the temperature for different values of P0, a configuration 

Lmask = 30 µm and dWires = 0.13 nanowires.µm-2 and a chosen Gaussian Law with Ea0 = 60 meV and σEa = 10 meV. P0 can vary 
between 0 % (all the junctions in the network have an activation energy which follows the Gaussian law) and 100 % (all energy 
barriers at inter-nanowire junctions are equal to 0 eV) 

 

For large P0 values, simulated Ion versus 1/T curves follow the same qualitative behaviour as experimentally. At low  

temperature, the only conducting junctions are those with Ea = 0 eV and a plateau, corresponding to the conduction 

through non thermally activated junctions, becomes visible in the Arrhenius plot. When temperature increases, junctions 

with non-zero Ea values are activated, and the temperature dependence of Ion at room temperature is a combination of 

the temperature dependence of the two families of junctions. It should be noted that for small value of P0, some Ion 

versus 1/T plots do not reach a plateau at low temperature. These behaviours can be explained by the fact than in such 

case, it may happen that there is no conduction path solely made of non-activated junctions. Then, even at low 

temperature, the temperature dependence of Ion is mainly driven by the junctions with high value of Ea.  

It is then interesting to know if this model can provide the correct trends for the variation of the activation energy as a 

function Lmask and dWires. For this study, the activation energy was extracted as experimentally as the mean value within 

the range of temperatures from 80 K and 200 K and the parameters for Ea distribution was kept the same for the random 

generation of energy barriers at inter-nanowire junctions (P0 = 50 %, Ea0 = 60 meV and σEa = 10 meV). P0 is chosen equal 



to 50 % in order to observe the influence of non activated junctions to the temperature dependence of Ion. Fig.13 shows 

Ea_F variation as a function of dWires for different Lmask values. Ea_F obtained by simulation decreases with dWires and 

increases with Lmask at large NW density, which is the trend observed experimentally. 

 

Figure 13. Ea_F extracted from the simulation as a function of dWires and Lmask for P0 = 50 %, Ea0 = 60 meV and σEa = 10 meV. 

 

5. CONCLUSIONS 

We studied the evolution with temperature of the electrical characteristics of nanonet-based FET devices with different 

source-drain distances and nanowire densities. The analysis was supported by a modelling of carrier transport through 

a random network of nanowires. The role of inter-nanowires junctions was evidenced. In order to assess their influence 

on transport, a simple model, which assumed the presence of energy barriers at the junctions, was proposed. This model 

was updated, with an account for the dispersion of energy barriers values, so as to capture the distinctive features 

observed experimentally. It was then implemented within a Monte-Carlo description of the Si-NN. Comparison of 

simulation results with experimental trends steered the analysis towards a picture where a significant proportion of the 

junctions would be purely resistive, while the others would have an energy barrier. It is concluded that, with proper 

analysis of electrical characteristics dependence with temperature, source-drain distance and nanowire density, it is 

possible to get some insight, and thus to provide some technological feedback, about the role of inter-nanowire junction 

quality in nanonet-based devices. 
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